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(2) 

/ 

5fc*l:^Stft5S 1 ©««£K£"r*5g i coxa 

A*>zmmm i w>it-rs*2 <z>x 



M?6- 6 7 4 0 3 

2 

n$ ><Dm?jfa<DmM : tn : en\z&< ? 

[0 0 0 1] 
[0 0 0 2] 

[ffi*<&S«] ft* J; 0 L S I >£»J£T 

±co*aa«cD-<8«^ m®ft\z&*>±z:7t0&m&& 

\Z'Am-tZ>Z.ttf^ZZ>tf. «4U&»Hfc*^*>fc 
7£JBV>TttWr*. 017 (a) te> (feffii/ 

('>7^Xyf) ^SftlTV^o u07 
X5y&aaLfc3fc©tt*SBJ>*tt01 7 (b) <D&5 
ICTtC «jS-rS*««»*ttai 7 (c) <D^\ZiX 

*. mi 7 (a) , (b) , (c) l*Mtt#tt 

ifin$tfctZ>tc$>. ftm-%^ft&ftmi&o\zuz>z. 

#4 3 6 nm) fefflV^S*^ 

0. 5 /*m*8g#HJM£#, ^©^^Xy^ffl^ 
-5th 0. 2/tmi|B«>^5'>*T»jSTf#S. ££>Htg£ 
tff-^CtfTS, ^(DcfcSlCv^Xy 

[0 0 0 3] H©i/7^Xy? ! ©«)IJI:*fcD, 200 

*rs**, *<Dtc&\z\mft®<»mmz&im<D%>% 
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(3) 



4S0B¥ 6-67403 



&8>2>Z.£&7R[sTK& m mi7 (d) Mt, 0. 2 
[0 0 0 4] ftwiAH jlBeacolBBcDftHPfc^iiT 

(a) . (b) ICCn6©HB©«WIO»j435rttft^-r. 
(a) tt, My 7 hTX^«M^lt^ e ->7 

^X5/^«ic^nA*-c-e€rfc»3t#s#AL, ^<z>i& 

>«**a-e€?*. (b) tt. Sffly7hTX^©¥I 
WDjI L & R It* d t IC<£ 0 H**«M|£U^^ > 

a. s/^^ox^^swwbTWjatoriBfcfta. ©is 

(a) , (b) %#«>Tc;©«fc5a:/^>»j*ja^2:c: 
[0 0 0 5] S/^^Xy^tt&ffi^fc/^^v^ja©^ 

L£?Z.t\Z$>Z> a mi 9 »*©KMBT, (a) fcfl& 
j£L&V>ttffl/t*>1100£* (b) II (a) T^rLfcfS 
I/^>$y7^X7fST^t5fcJ6Wttffiy7b 
/^>1500£^frftffiy7hV?;££, (c) {I (b) 

[0 0 0 6] #8ttffly7h«SHffllfcffttH ft 

[0 0 0 7] H2 0 (a) , (b) , (c) tt, 2ftO 

(a) £^J&-r^n^><hLT^£. H20 (a) 
HI 9 (b) tMi;ttfi5/7 h«#^(DVX^ 1, 

(b) ttaS*#©*T»tf$nSTX^2SSUT^ 

5o (c) {i^ne>2tevx^w>ito^i: 



iMMHtLT/^>M$noo (c) 

<D&mttm$. {m?z>&m>'7 bmtvx, mm? 

[0 0 0 8] 

LrA&r*s7* j $>m?t&$:&w?z>ct\t*iffii*~)tz 

ft. %U<Drt9>m$u7u't^\z%>^x, js&* 
^A^&^^fc2E©»7tlC«fcO-aoHO/^>S» 
jgELJ; 5 2 lElco*«a)Wr©fifi^ 

0-W&^bTVi§ a 02 1 (a) tmtfLL&ot?* 
20 n$> 8, (b) IWOfc»ffl^5 1ft|07X^ (M 
1) T, iK*ftai3ttt«i/7h/^>1500a:^e>»riE 
(c) ttMlSfflVi&^CckoTSft^LTff 

snfc/^>iot, 2ftio?7x^ (M2) ^ft^rn 
&?zmmzftft?zmmm%2tiz><D'v, (a) tc 

^lfcBSo;^>d^7?f^ ^tiKftLT (d) 
\*M2&Mi\zttL±\zftM?n&*\:fcifi$&^t<n 

*f z>tctb<DM2±<DytmT&m*. mutton* 
30 mmzmr^x. tmww><Dffim<Dmftw>mt 

[0 0 0 9] *»Mtta±(Z)^t«*T^$tlfet>OT 

*>»«lc*^T, &M? ■aagcttOTX^WTCOfirffi 
^fritlS^©** £4>fc < -T £ £ 5 & 6 Lfcfc v x £ A 

[0 0 10] 

[»B^«fftT-5fcfeo¥R] tti;»^ z.z.xm*z> 

y zS&M ^X1&f&?Z>ffi<D&.Wi2 >£ »«BA^ >11Q 

^nfc >ioooi3, *i*«bia^ >noo 

56? jumJK±OA^>ttH*A^>1200, 0. 5^m*«te 
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fc* mm^>iioocDfi£&, *©«c#lt»»ic, 

4. «Atf^5/^««T, R 

Sut^k a-fc, r fc s mmvm je ?: rsi# 

tz a «»^^>1100tt**fi©«S/t^>fc*^ ^2 2 

KftlCHSU ltfcH (Ml) IMy7 hi (y7 
<D&3VX^, 2#g (M2) fiS^^CDfcVVTX 

1) a»/^>1100tt^TX(*«C¥frtr 
[0013] (fflra*# 3 ) ft«f/t* >1100©»»4 1 

ffl©V7*/^>£j^*/^X m<owt 
jfcSftfc^*>1000*S, ffi*tS56«*R i*»hu 

[0 0 14] W2 2 &*A&tlfc/t^>1000tLfct 
feffi^SS^R lfcLTtt, *!*.«W2 3 , ISd 2 4 

W2 eODiiCHJBWfcftftbT^*. H2 3. W24 



(4) MfHW*6 - 6 7 4 0 3 

[0 0 15] H2 3tt, WLM/t?>ll00MmZimt2 

n**aiaa85>«>*SR«« iii/TVi*&*, ri^ 
v>*„ *nn»u 02 4ii, urn® njksmmmt 

[0 0 16] R«M l*«**ntf, **&tt&/^>10 
lftB^^Mlft H2 6 0cfc5* 3 FBB*Jii. 

*j§«iu sra 3«ii3tebT«a*r 

£. 02 6f, j£tfftfcDtf&T*S««teS/7*1500^ 
*tK ^©Xy^WI^^VUOO^JSStl*. £T 

tfK><D&mrm^Tcmm7mmytffl>~?$>z> 0 — 2 

a? iRHOTXirM2T«, H2 7©J;5fcS«« 3CDa# 
/^>*#J8U R«« l^LtftgtSttfc 
M 1 W*StlfcWS:«l/^>MXlTBai 

[0017] z<d£z>\zrw& ia>mx\t. »mn*> 

[0018] ocoewn, SSOYX^ 

6, W2 7l:^LfeM1 tM2&K»*bfc(B9T*fL 

«. "Tftto*, Ml(DRSJg# 2tM2<DRS«S!t 2^: 
40 tta&S&Vi. «Atf, M2*«MlteJ*l>T 

ffimOtetl*. Z.(DZt\Z, RS«» 2iSttT«^-r^ 
[0 0 19] |^2 7C0M2Tti, R(R« lOjBUftfWl 
5^ 0>ttR««rt©^^>W(D*T**, ^^*C, V7^^<D 



—18— 



s<btjB*tz>**a*«<i:u 
trt>v<?mm?n&*vxhs mnyt/w>ifi±vzz 

[0 0 2 0] S6l:, RSWffSB 2fc/t*>jW¥firt- 

wrssm 2\z$>z>m&iz-Duxm^z> c 124© 

T\ VX^© j &3b-B:i"tl^^*^*H2 8 (a) K, 

M2*tfetrnfc«^* (b) ic^-f. ^itrnc^M 
^0 2 8 (a) Tt*. ^m^)(o/^>ifimgL^nx^ 

^tattmcD** (b) #5n&tSffl.A* 
86, R^H l<0fe#*Dftjefc:IRU H2 5JC*-Ti:5 

n-ena^tmtffcfliwsRa* ltrs. mi 

oott, «ffl/^>iioo©iB*rfijfc:tt, £-;b-ri"tt£#* 
LrA t&Ji ft lz\t± bitted zth-T 

z>c z.<d&5 \z&m&m Litt&s \znznz mm%* m 

2 9\ZKt. 129 (a) tt»tfi-^#*>|/t*>1100 
<hRSi£# 2<0{frSIWff£, (b) , (c) tt#to«W 

M2T««$n5a»i2<h©a^o*<fc^a>«*»e» 

[0 0 2 1] ^®«RStt^lCafcttj£tffcC^iI 
«kD, »#/^>1200#RS«#«K:#«?-<5H3 0 
(a) (7)*-&tCOViT^S. fr^-^Tn^ML 

1*13 0 (b) . (c) tt. 
*n-e*lMl. M2W^>^to M2TttRfi«rt 

(R^Sttttfcf, 03 0 (a) <£>/1*>#H£ 
flAtfM 2 #£T£TttTlfc^£ft5 R3 
0 (d) <»&5\Z. »jftA3r>i5li, R»»l rt<0*S 



(5) «fBB¥6- 6 7 4 0 3 

a&, R«*rt0ffl*/t*>K:*fU Mltltl^ (y 
H«*jt«de»*&*<bffla**T. 03 0 

(a) <ort$>\zitittRw&mm\situ u M20/1 

^>£H3 1 (a) , (b) fC^To Ml, M2^fc 

M2^£Ti:fnfc«^^ ^n-ensi3 1 (c) , 
(d) . (e) k^t. v>rnfc#«aft*/t*>#tt 

El*UTV>*. ^txtt, R««rt0>iI»/t*>£MlT 

tt±T*rnjfc. M2-e»te&^[nifc»niLT>fce > ii:fc& 

«rtjS«/t^>0C>&*]a (H3 0©«Ttt*«©H) <& 
[0 0 2 3] 

>*-r *«* 5 xu^mmzftm-? s c t c £ 

is? 9&M&?Zffl&\zMtZrtj? >X*mW*9 

> s 3 * 0 v x o n$ >& hTc&z t & a <t o 
\z, 2fo<D^7s$\zl&tt&i'y9n$>t^7,2n9> 
*&%\z&m±$Lx%z& : 5\zt£z>. ist>\z, Mf&zn 
zrt?>\t2#<D^7*>?xmzmiiitsnzM#x&%<D 

riE"r*A^>^^A5«»S#L<*^S*, ttR-&t) 
<T?**. 

[0 0 24] 

[«itM l s i xmmtzwy&ffc&&#zfr%>f- 
so <omm0ktt&ffi%.isx\,*z>££t.'rz o ms. wm2 



9 

&(7.)TX^M1. M 2 If, ultiei*fflliTBI2 0/^> 

^7*fflcOA*>x~*1500, R««/**> 
1600, SftEM**^* >x-*1700CD 3 8«/t* 

R^A*>T~*2600, S 

[0025] iiit xi)n$>T-tnm&t>, mi 

£M 2 ffl-^n^n 3 1©» 6 16 
00, 1700, 2500, 2600, 2700£«2«T*ffi3iCD»n£5K 

— ioi^ & io9*t assort. ^Tt-^ 

[0 0 2 6] UT^m^^'f-^^Wt. 2&7C<D®i& 

S I7X^/^>f-^0»fH?ffx7f (DRC, 
Design Rule Check ) **^«VX*£«7-tf-A£jfl 

/?hDr:^X, 1980.4.28., pp90-l07£#RS£*l£:^ D 
[0 0 2 7] gMyt»>amJBg 101 

4 a 5 nfc/i* >iooo£, fftw/x* >noo t m%n? y 
1200 1 tcftarr*. >co«s d ^K*iT*na . 

(i)4*&nfc/x*>iooo£, s» d/2^e>-&^o 

<3)<2)C!>«*£. BS« d/2*6*S. *Sftfc*r*Wi 
&/^>1200~C&3o 

(4)4*. 5n&/X* >1000rt> jfi#/^ >1200SSS» 

senfc«8**<«d©«Bi/^>iioo^*5. 

[0 0 2 8] ^2£4*£ftfc/^>1000«?:L> K7fc 
4^&tlfcA^>10OOttt>C. KRI d/2ffl£i£T, tt 
»J*WL&e*a>M^101O-l3&^1010-4£, l*j 8 KWJB 
1010-1 ^£l010-4£jE« d/2*S*T#€»nfca#^^ 

>i2oo-i^si2oo-4t, ^n^S(c#^n^»/t^> 
noo-i^^noo-4^^. «&, aa/^><Djs«tigE 



(6) W¥6- 6 7 4 0 3 

n^iAOAt^, #IAJ;ft).49jum£d <hLT, ±3B© 

aai€*-r*fTTs. »&nfc«8i/t^>iJoott, 10. 

ffl/t * >1100-1^ 6 1100-3 fc, *iM*»1250-l)^ £1250 

[0030] r, saa&gia m 

WSIWIBp *»co^T^, r-^^ 

(2) a) tm» snfc n iStf)^^ t wtamaism*ik 

(3) ni©fiif-^S*ftM97?y-f/ >^U 

(5) (4)T#^nfcte»««i©B*fi]^«Lr^«s 
•fr. ^©apTo*5*«. »&nfc««»«R«« it 

(6) /^>»*fB*fc»LT(5)T?»SnfcR«« 
JTLTSfi* 3?^**S. 

[0 0 3 1] %tztfiWZi&mzft&?z*sbmft*M9b 

T, R«tt**«&5«iaTftS. *S««T<DJB31<OR 
4^ 0. HI l^St". «t*i?«»1250-l3^ 6 1250-4 

30(3)(4)(5){rJ:D. [gil^RSS^ (1) 
2p < 2 1. < 3p 

5^ r^nj*Jw©R««ta?9:rc:t^"c?ffs, 
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[0 0 3 2] Rfcttfl&ffi/^>fflffl&31 104 RZS 

sm®\Hmit;;^>m&mw ios 
Rm&ftmft/w>mm%m 104-m, R**ftsea« 

&&zfsmmtomftrt* >moo-ij&> 6i4oo-2£^t\ 

[0 0 3 3] laglAbaffll 106 - 

R««rtafl?/^>i3oosiH*[niic> Mfj^n^mr <5 

«*SBI1 3fc«-T. R«*fta*/^>13 
00-1^61300-4^. M 1 mRfaWW >1600- 1^61600 

CO 0 3 4] Ma^Maffia 107 
R««rt2fi«/t^>1300*«l^lRllC. RflMWfcfc^T 

s^^ii^o ngft^ia 1 4 t^-r. R«*rtH*A^> 

1300-1** 51300-4?^ m 2 JBRS*/^ >2600-1^626 
00-4 I^SUC* M2fflS«*/^>2700-l> 2700 

[0 0 3 5] ->7^?>£ri«&g| 108 
Rfittx-^t^nt^t-S^^x^^^AAL 

T-^1250^ig*|^ (MfctfHl 5T»t y^lPjfc±^ 
6T^) 7-7^ >y LT£tttf, *&*#x-*1250 

y§-rtt«Av>. si 5*»jt)^Tfctt»-cffc& # 
ttw^^>«»fflg 109 

*^»x-^1250^ S*f^(C£ic6-ti:T, M2ffl© 
««/^ >2500£{&£*r&. 0 1 6 K^jKfll 

ctt, <i#ft;k6li:#M 106T/BV>fc. TX^ 

So 

[0 0 3 6] «±*^T#fcA««©aaSCffl3l«r*«*r 
SCtKcfcD, Ml, M2<D/^><Bg»»£tfnIil6£ 
Mlli, H3^-Tt5fc. V7*/^>1500- 
1, 1500-2. S«#<Z)#*A*>1700, 43<fctfRtt«a 
^^^>1500-l^bl600-4^ffiliTl8j*$n^o M2 

62500-4, Rff«/1*>2600-lrt> 52600-4, &cfctfS@ 
«/t*>2700-l, 270D-2^ffiViT^$n^>o 

[0 0 3 7] ^5(c, 2tovx^Miili:te^ 

$io£m 2 ©ag3taT?««$*i*«*i2©ttai^«»d« 

*l*t/j:ot. /t*>jWME3ft*. ■ 2 



(7) WBV6-6 740 3 

\z & z> £^*ftft»#f« LxvfcK* 

[0 0 3 8] £T, X^vy-H-fe^RttSSCftffl^fc 

[0 0 3 9] ««^^>W+;i>»«»<ORIH^pa:^l/ 

TO*3<0*frJCt?^Ttt, HI 8JC^Lfcv7^X 
*fc»B©»Bfc»UTtt, «i/l*>»lBaai0i,* 

Btt&K SIR* CMOS©y-hW>ttPSMOS 
30 [0 0 4 0] «oT, *%WT*mZ> Wsf-WV 
[0 0 4 1] 

fc^isr^tr^^ >^ 6 c t s pjit u 

[0 0 4 2] ^LT, ttffi5/7**^Sfefi«©a*^ 
50 *«S/h3<T?€r*. 
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13 

2>tzlb<D 2 S B OOTX £ 0¥J£BEHI2L 
[0 5] 0 3^S4(O2tt«)^X^^ttBm^<S^ 70 

[06] H4OVX^^H3<0TX^lC»L&T*rt)fc 

[1^7] ii/^>iMii o lornm* 

[H9] fflRrt*><D*&m&mthimi o 2 sen. 
[hi 0] r, $m&#&sm 1 0 3 <D®m 
mil] r, s««ft®ffl9! 1 0 3 <Dmm 

[012] R««^OH«/^>aa»ffi5P.l 0 4<0R 

wtR*«&iriCDii«y^>aaaai 0 5©aw. a? 

[013] R««^VWffl#^^>iC»LTB^rpl*& 

WHO 7 ©WW. 
[015] y7^>MilO80a 

[016] mmrt*>umfm®mw. 

[017] «C«^7MI©Xy5?Sf(fflL&f**^7b 
&©KW 

(a) \m^y WTstHommm 

(b) (a) <D7X^SSiaLfc*(DS*fiB 20 

(c) (a) oTx^taaL]t3e©ii*»* 

(d) itttz/y vm<D^yz>mmLftmmn^y^m 

[018] M8©x y > 

(b) &tt5/7hKoxyv*^ffl©«35Hi*fD3IL^ 
[019] Sffly7hg^V^t^/^>« 



W6 - 6 7 4 0 3 

14 

[0 2 0] 0 1 9 WS^:/^ 2 

[02 1] 2ft0VX^Pp1©^#^&ig-rtl^ofc 

[022] Tx^iffl^to-fr-rnfc^sar^fc*, rh 
[023] ^AZfflw&tttnizttwiTzjtit), Rm 

Srj£ff^S£H^-CCDRS«CD^W 

[024] Tx^ng©^-&mtc»«i-rsfcj6, r« 

&J£^f^KM-CO!>R»«&Jg^fc^j*tfc« 

[025] Tx^rao^)biirrntc*fS!i"r^3t», r« 

[02 6] VX?miZ&t>1£?n\Z#9&LX?3:^m&® 
[02 7] TX * fS] iz^t)arti{ztm LT&V*«£<Z> 

[02 8] 02 7&tf02 8©TX^Sffl^fct*lC, 
VX^^ ©^frttT Ttf* -2 tz t £ * >Mf$M* 

[02 9] Rffl«©»3fet|RbTEl»afi«*l£tf*:« 
£ Ic v x # £-fri*rn#* o ft t * co/^ 

[030] ?x^M0^tfnf:+»M«3ti 

(a) Mt^^/^> (b) ?X^1O?I0 (c) 

vx^co^®0 (d) ^**rn***ofct#o®jacA 

[03 1] *58^tc±QTX^W0!>^#1*tl^*r«iL 

(a) VX? 1 

(b) VX^2 W^^>5p®0 

(c) &tottiltfite\ f *£$<DmtiLn9> 

(d) M2*M1 £**LT;fr KtrnT<g»**l«:fc* 

(e) M2^MlC»UTifeTH"rnTC¥S*l&t€r 
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2500-1 Mzm&m'** yam** : 
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V 1250-4 



2500-4 M-2 Jdttb**-*' Vfl^* > 
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(57) [Abstract] (Revised) 



[Purpose] 

To facilitate the automatic generation of mask patterns in a multilayer transfer 
method, and, furthermore, to provide a mask pattern that reduces the effect of 
misalignment between multiple masks. 

[Constitution] 

Tn multiple-exposure pattern formation that includes exposure by using mask Ml 
that contains phase-shift pattern 1500 as well as exposure that removes unnecessary 
patterns resulting therefrom, the exposure region is divided into two regions: a region 
with the fine pattern 1 100 required by a phase shifter and a region 3 that is not 103 1 ; a 
shifter is provided in one mask; region 1 contains a mask shifter pattern with edges 
corresponding to the fine pattern and a pattern that corresponds to other pattern 1600; a 
shielding mask pattern [is used for] region 3; and a separate shifter-less mask is generated 
automatically so that it has a normal pattern that forms pattern 2600 that exists in region 3 
and a pattern that removes unnecessary patterns in the pattern of the shifter formation 
region. Furthermore, in one mask, the mask pattern is thickened in one axial direction, 
and in another mask, the mask pattern is thickened in the direction orthogonal thereto. 



1 Translator's note: "103" appears here in the original Japanese patent. 
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[Claims] 



[Claim 1] 

A method for processing mask pattern data, characterized in that, 
in pattern formation that forms the pattern of one layer by means of multiple exposures, 
including an exposure that uses a mask containing a pattern that is phase-shifted so that 
the phase difference of the light transmitted through both sides of the fine pattern to be 
formed is approximately n, as well as an exposure for removing the unnecessary patterns 
resulting therefrom, 

it includes, in order to form the said fine pattern, a first process that sets up the first 
region required to transmit light with phase differences, and a second process that divides 
all formed patterns or all patterns other than the said fine pattern into regions inside and 
outside of the said first region. 

[Claim 2] 

The method for processing mask pattern data described in Claim 1, characterized 
in that, when the said first region is determined, the boundary of the said first region is set 
so that the length of the fine pattern formed with the phase difference of the light 
transmitted through both sides approximately [equal to] % is longer, on both sides and in 
the axial direction of the fine pattern, than the length of the fine lines formed ultimately, 
by only the distance equal to the overlap error resulting from the superposition of 
multiple masks. 

[Claim 3] 

A photomask characterized in that, 
in a photomask that forms the pattern of one layer by means of multiple exposures, 
including an exposure that uses a mask containing a pattern that is phase-shifted so that 
the phase difference of the light transmitted through both sides of the fine pattern to be 
formed is approximately n, as well as an exposure for removing the unnecessary patterns 
resulting therefrom, 

when the pattern that must be formed by using phase-difference light is called the fine 
pattern, when the pattern, other than the fine pattern, formed by transferring a 
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conventionally used mask shield is called the normal pattern, and when the longitudinal 
direction in which extend the fine lines of the fine pattern is called the axial direction and 
the direction orthogonal to the axial direction is called the width direction, 
in the mask that forms a fine pattern for the pattern in the first region, which is necessary 
to transmit phase-difference light in order to form the said fine pattern, the normal pattern 
in the said first region has dimensions such that, in the axial direction, it has the length of 
the pattern ultimately formed by the said multiple exposures, and in the width direction, 
[the dimension] extends, by a specified length, [beyond] the width of the pattern 
ultimately formed by the said multiple exposures; and in the other mask, the normal 
pattern within the said first region has dimensions such that, in the axial direction, it is 
longer, by a specified length, than the pattern ultimately formed by the said multiple 
exposures, and in the width direction, it has the width of the pattern ultimately formed by 
the said multiple exposures. 

[Claim 4] 

A photomask characterized in that, 
in a photomask that forms the pattern of one layer by means of multiple exposures, 
including an exposure that uses a mask containing a pattern that is phase-shifted so that 
the phase difference of the light transmitted through both sides of the fine pattern to be 
formed is approximately 71, as well as an exposure for removing the unnecessary patterns 
resulting therefrom, 

the boundary of the said first region is set so that the length of the fine pattern formed 
with the phase difference of the light transmitted through both sides approximately [equal 
to] 71 is longer, by only a specified distance, on both sides and in the axial direction of the 
fine pattern, than the length of the fine lines fonned ultimately by means of the said 
multiple exposures. 
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[Detailed Explanation of the Invention] 



[0001] 

[Industrial Field of the Application] 

The present invention relates to a mask pattern creation method, mask, and pattern 
formation method [used when] forming fine patterns (e.g., an LSI) on a wafer (substrate) 
by using a projection lens. 

[0002] 

[Prior Art] 

High resolutions have been required conventionally in projection exposure 
techniques that form fine patterns (e.g., an LSI). As a result, the projection lenses of 
projection aligners have a resolution near the theoretical limit determined by the 
wavelength of light. Furthermore, in recent years, the phase-shift method has been 
studied as a method of transferring finer patterns. In the phase-shift method, it is possible 
to increase the resolution by adding a transparent film such that a phase difference 
approximately equal to tt is produced in the transmitted light, in the optically transmissive 
part of a mask placed in the plane of the projection lens. This phase-shift method can be 
classified into several techniques. However, as a method of forming isolated fine line 
patterns, there is a pattern formation method that utilizes the phase difference of 
approximately % that occurs at the edges of phase-shift film. This method will be 
explained with reference to Figure 17. Figure 17(a) shows part of a cross-section of a 
phase-shift mask. [In the figure,] 60 is the light that illuminates the mask, 61 is the mask 
substrate, and 1500 is the phase-shift film. In the figure, a boundary edge (shifter edge) is 
present between the area where phase-shift film 1500 exists and the area where it does 
not exist. The complex amplitude distribution of the light that passes through this mask is 
as shown in Figure 17(b). The corresponding light intensity distribution is as shown in 
Figure 17(c). Here, it is assumed that, in Figures 17(a), (b), (c), the horizontal axes 
coincide. In these figures, the light intensity of the corresponding area is 0 because the 
phase varies by % at edges. This forms a very fine shield part at the edges of the phase- 
shift film. For example, when using the g-line (wavelength: 436 nm) of a high-voltage 
mercury-vapor lamp, if the focal depth is taken into consideration, a width of 
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approximately 0.5 jinn is the limit when transferring a shield pattern made of ordinary 
chromium or the like. When this shifter edge is used, it is possible to form a pattern with 
a width [as fine as] 0.2 \im. This line width is called the limit resolution line width. For 
this reason, it is expected that shifter edges will be applied to fine pattern formation. 

[0003] 

When utilizing shifter edges, two points should be added to the explanation: One 
[point] is the pattern density limit. When shifter edges are used, fine-width shield parts 
can be formed. For that purpose, however, phase-difference light must be transmitted to 
both sides of the shield part. This indicates that the spacing is limited when closely 
forming the two fine-width shield parts. The continuous formation of a shield part with 
width 0.2 \im and spacing p is shown in Figure 17(d). However, the spacing p of the 
shield part must be nearly 1 jum. 

[0004] 

The other point concerns the line width of the shield part. It is advisable to use 
shifter edges with phase difference n to obtain the finest line widths. This enables the use 
of a 0.2-]itm line width. However, in the formation of actual LSI patterns, it sometimes is 
necessary to form minimum line widths obtained by transferring normal shields, that, for 
example, are narrower than 0.5 jam, but thicker than 0.2 jam, the dimension obtained by 
means of previous shifter edges. The method of forming line widths intermediate 
between these is shown in Figures 18(a), (b). [In the figure,] (a) is a cross-section of the 
phase-shift mask. A pattern width of a least the limit resolution line width can be 
achieved by inserting shields made of chromium or the like, at the shifter edges and then 
adjusting the shields' line widths, (b) indicates the planar structure of a phase-shift mask. 
A pattern with [a width] of at least the limit resolution line width can be achieved by 
providing fine dovetails 2 at the edge of the phase-shift film. Thus, if the pattern [has a 
width] at least equal to the limit resolution line width, even though it is less than the line 
width obtained by transferring a normal shield, it can be formed by using the shifter edge. 
In Figures 18(a), (b), also, of this document, this pattern formation method is called the 
shifter edge method. 



2 Translator's note: The Japanese world literally means "flap; loop back; turn back," but "dovetails" seems implied 
by the figure. 
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[0005] 



The greatest problem of pattern formation by means of shifter edges is that fine 
patterns are formed at all edges. Figure 19 illustrates this, (a) is the fine pattern 1 100 to 
be formed, (b) is the phase-shift mask that contains phase-shift pattern 1500 for forming 
the fine pattern shown in (a) by means of the shifter edge method, (c) is the pattern 15 
formed by using the mask shown in (b). It is evident that unnecessary patterns are formed 
at the shifter edges. To prevent the generation of this unnecessary pattern, the following 
have been proposed: © a multistage technique that uses a multistage phase-shift film and 
® a multilayer transfer method that uses multiple masks. 

[0006] 

In the technique that uses a multistage phase-shift film, multiple phase-shift films 
with different phases are used and parts requiring fine patterns have the phase difference 
7i on both sides. In parts not requiring pattern formation, however, the phase difference on 
both sides is 60°, for example, so no pattern is formed. In this method, the desired pattern 
can be formed by means of one phase-shift mask. However, it is necessary to create 
multistage phase-shift film, so mask production is complex, which is a fatal defect. 

[0007] 

The multilayer transfer method that utilizes two masks will be explained [next, 
with reference to] Figures 20(a), (b), and (c). The pattern to be formed is shown in Figure 
19(a). Mask 1 that has the same phase-shift film as in Figure 19(b) is shown in Figure 
20(a), and mask 2 that consists of only a shield is shown in (b). The state in which these 
two masks are superposed in order to form a pattern is shown in (c). When developing is 
performed after exposing by means of two masks, only in the parts shielded by both 
masks are patterns formed as the ultimate shield parts. The pattern shown by the broken 
lines in (c) corresponds to this. That is, when a fine pattern is formed at the boundary 
edges, where mask l's phase difference is n, mask 2 is used to expose and remove the 
unnecessary parts. This multilayer transfer method has the advantage of simple mask 
production, because it uses only one type of phase-shift film, which has a transmitted 
light phase difference of n. 
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[0008] 



[Problems That the Invention Is to Solve] 

Conventionally, it was impossible to manually lay out shifters and shield parts for 
individual patterns, with this multilayer transfer method as the method for removing the 
unnecessary patterns. However, a method of automatically generating and laying out 
these patterns, when patterns are mixed in a complex manner, has not been proposed. 
Also, when, in actual pattern formation processes, an attempt is made to form the pattern 
for one layer by means of two exposures that use different masks, it is impossible to 
avoid an alignment error between the two exposures. An example of the deformation 
experienced by the pattern after a relative shift occurred in two exposures is shown in 
Figure 21. The pattern 8 to be formed is shown in Figure 21(a). (b), the first mask (Ml) 
used for this purpose, comprises shield part 13 and phase-shift pattern 1500. In (c), the 
second mask (M2) is superposed, without shifting, on pattern 10, which was obtained as 
the latent image as a result of the exposure with Ml. The latent image in the region 
corresponding to the light-transmission part 14 of M2 is removed, which enables the 
formation of the target pattern shown in (a). By contrast, in (d), transfer was performed 
with M2 shifted upward relative to Ml. The light-transmission part on M2 for removing 
the unnecessary patterns formed by Ml overlaps the latent image of the pattern to be 
formed, so the normal pattern part on both sides of the fine pattern undergoes 
deformation that causes part of it to be lost, thereby producing a constriction in the fine 
pattern part. 

[0009] 

The present invention provides a method of automatically generating mask 
patterns, and was [developed] while taking into consideration the aforementioned points. 
Its purpose is to provide a mask pattern creation method and its mask, that minimizes the 
effects of alignment error between multiple used masks, in the formation of the pattern of 
one layer by using multiple masks, when forming the pattern of a circuit (e.g., an LSI) by 
using a phase-shift method; and, furthermore, to provide a method of automatically 
generating a mask pattern that contains a shifter pattern, even though it will impose 
restrictions on part of the applied LSI, etc. 
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[0010] 



[Means of Solving the Problems] 

The terminology used herein will be explained first. Of the formed patterns, the 
narrow pattern formed by using shifter edges is called the fine pattern 1100, and the 
pattern formed by transferring the shield on the mask, as conventionally, is called the 
normal pattern 1200. The formed pattern (i.e., provided pattern 1000) is always classified 
as either a fine pattern 1100 or a normal pattern 1200. For example, it is possible to 
classify a pattern with a width of at least 0.5 \im as a normal pattern 1200, and [one with 
a width of] less than 0.5 \im as a fine pattern 1100. Also, fine pattern 1100 should be 
sufficiently long (e.g., at least 4 times the width). Its lengthwise direction is called the 
axial direction , and the direction orthogonal thereto is called the width direction . Also, in 
order to form a fine pattern by using the shifter edge method, a region where light with 
phases separated by approximately % passes through both sides of the fine pattern is 
necessary, and the region is called phase-specified region R 1 or region R 1 . In region 4 
(e.g., the chip region) where a pattern is to be formed, the part other than region R is 
called region S 3. The entire pattern formation region 4 consists of region R 1 and region 
S 3, and region R 1 and region S 3 do not overlap. Also, the boundary of region R and 
region S is called the R-S boundary 2. These are illustrated in Figures 22, 23, and 24. 
Fine pattern 1100 originally had patterns with width. In Figure 22, however, it is 
represented as a linear segment to avoid figure complexity. 

[0011] 

First, the present invention will be explained schematically. Although a multilayer 
transfer method is used, here it is limited to two exposures by using two masks, with the 
first [mask] (Ml) having phase-shift film (i.e., the shifter) and the second [mask] (M2) 
being the shifter-less mask. That is, in the first exposure a fine pattern that uses the shifter 
edges is formed, and in the second exposure the necessary parts of the formed fine pattern 
are protected and the unnecessary parts are exposed and thereby removed. 
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[0012] 



Here, to facilitate explanation, etc., the following three prerequisites will be 
introduced: 

Prerequisite 1 : Fine pattern 1 100 is entirely parallel to the x-axis. 

Prerequisite 2: The spacing of the mutually adjacent center lines of fine pattern 1 100 
[equals] either a uniform value p or an integral multiple of p. 

[0013] 

Prerequisite 3: There is only one type of line width in fine pattern 1 100. This line 
width d equals the width of the pattern formed by the shield part, which is formed when 
shifters of width p are lined up with spacing p. 

The pattern of Figure 22 satisfies these conditions. Now, one purpose of the 
present invention is to automatically generate, from the provided pattern, the Ml shifter 
pattern, the shield pattern, and the M2 shield pattern. For this purpose, the phase- 
assignment region R 1 is computed from provided pattern 1000, and the normal pattern 
1200 is divided into pattern 1300 that exists inside region R and pattern 1400 that exists 
outside region R (i.e., in region S). 

[0014] 

When Figure 22 is regarded as the provided pattern 1000, the regions shown in 
Figures 23 and 24, for example, are considered to be phase-assignment region R 1 . In any 
case, although omitted from these figures, the phase-shift film that produces the phase 
difference % is present periodically, as shown in Figure 26. In both Figures 23 and 24, 
region R 1 is [the region] from the center line of the fine pattern to the region separated 
by distance p, at the top of the top fine pattern to the bottom of the bottom fine pattern. 

[0015] 

In Figure 23, because only the phototransmissive part required to form fine pattern 
1100 is considered to be region R 1, region R 1 has a complex shape corresponding to 
fine pattern 1 100. By contrast, in Figure 24, region R 1 is a rectangular region, and its x- 
direction boundary is determined so that it can cover the most extensive region, from 
among the boundaries required to form fine pattern 1100. Here, an easily computed 
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rectangular area is adopted as region R 1. The concrete procedure for determining region 
R will be discussed in the embodiment. 

[0016] 

Once region R 1 has been determined, it is easy to divide provided pattern 1000 
into pattern 1300 that exists within region R and pattern 1400 that exists within region S. 
As a result, the first mask Ml is a planar staicture such as [the one] shown in Figure 26. 
Region S 3 is exposed and protected by forming a pattern (only a fine pattern in Figure 
26) containing the fine pattern in region R 1 . In Figure 26, the dotted region is shifter 
1500. Fine pattern 1100 is formed at its edges. Region 1700, which is covered with 
diagonal lines descending to the left, is the shield part. On the other hand, in the second 
mask M2, the normal pattern of region S 3 is formed, as in Figure 27. Region R 1 is 
exposed and protected, after which the unnecessary fine pattern formed by Ml is exposed 
and removed. The region covered by diagonal lines descending to the right is the shield 
part. 

[0017] 

Thus, the introduction of region R 1 separates the region forming the fine pattern 
and the other regions. This enables the independent formation of patterns within each 
region, which enables the automatic generation, from provided pattern 1100, of the 
pattern within each region containing a shifter. Although defects remain as is in Figures 
26 and 27, even in the improved technique discussed hereinafter the introduction of 
region R 1 plays a significant role in the automatic generation of patterns. 

[0018] 

Another purpose of the present invention is to maximize the faithfulness of the 
pattern transfer, even after a relative shift between multiple masks. If Ml and M2 shown 
in Figures 26 and 27 can be transferred without error, it is possible to form the sought 
provided pattern 1100. Actually, however, a relative shift exists between Ml and M2. 
That is, R-S boundary 2 of Ml and R-S boundary 2 of M2 do not overlap. As a result, 
when consideration is given to the case where the position of M2 is shifted upward and to 
the right relative to Ml, for example, the top and right edges of region R 1 of M2 overlap 
region S of Ml, and both Ml and M2 are shielded and unexposed, so unnecessary 
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patterns are formed. This indicates that exposure must be performed from both M 1 and 
M 2 to the part to be exposed near R-S boundary 2. 

[0019] 

In M2 of Figure 27, to protect the latent image of the fine pattern required for 
region R 1 , the entire region, except for unnecessaiy latent image parts, is regarded as the 
shield part. However, only the pattern part within region R must be protected. 
Consequently, only the region in which the pattern part of region R is enlarged somewhat 
by only the anticipated amount of misalignment — so that the pattern part is unexposed 
even if the mask shifts — is regarded as the shield part; the other part is regarded as the 
transmission part. In this manner, for a part where no pattern exists at the boundary of 
region R (e.g., the upper edge of region R in Figure 27), unexposed patterns no longer 
occur, even after an alignment shift. 

[0020] 

Furthermore, the present invention will be explained for a method of dealing with 
mask misalignment, when a pattern is present at R-S boundary 2. First, the case where the 
edge of a fine pattern is on R-S boundary part 2 will be discussed. The circled part 5 1 in 
Figure 24 corresponds to this. Figure 28(a) shows the case of no mask misalignment, for 
pattern 15 obtained by enlarging this part and overlapping latent image 10 formed by Ml 
and part 12 protected by M2; (b) shows the case where M2 is shifted to the left. In Figure 
28(a), where there is no misalignment, the planned pattern is formed. However, in (b), 
where there is misalignment, the tip of obtained fine pattern 1 5 is expanded. To eliminate 
this phenomenon, when the right and left edges of region R 1 are determined, as shown in 
Figure 25, the regions that extend by just a beyond the sections present in the fine pattern, 
on both sides in the axial direction, is considered region R 1 . Also, for protection pattern 
2500 in M2 for the fine pattern formed by Ml, although thickening was performed in the 
width direction of fine pattern 1 100 in order to allow for misalignment, thickening should 
not be performed in the axial direction. Figure 29 is the figure resulting from such 
processing. Figure 29(a) shows the positional relationship between the fine pattern 1100 
to be formed and the R-S boundary 2. (b) and (c) show, in the cases of misalignment and 
no misalignment, the overlap between latent image 10 formed by Ml and part 12 
protected by M2, as well as resulting pattern 15. Whether or not there is misalignment, a 
faithful pattern could be transferred. In the formation of fine pattern 1 100, by extending 
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region R I by a on both sides in the axial direction, even if mask misalignment occurs 
pattern deformation does not occur, and it is possible to determine the fine pattern's in- 
direction position by means of M l and [its] x-axis direction position by means of M.2. 

[0021] 

Next will be discussed the case of Figure 30(a), where region R is extended by a 
in the axial direction, so that normal pattern 1200 is present at the R-S boundary. First to 
be discussed will be the type of pattern deformation in the conventional case when 
misalignment is not dealt with. Figure 30(b) and (c) show the Ml and M2 patterns, 
respectively. In M2, the normal pattern within region R 1 is enlarged by thickening it 
uniformly. As aforementioned, this is in order to protect the latent image formed by Ml, 
even in the event of mask misalignment. If transfer occurs without alignment error, the 
pattern of Figure 30(a) is obtained. However, after a transfer with M2 shifted to the lower 
left, for example, as shown in Figure 30(d), in formed pattern 15 the thickened part in 
region R 1 invades region S 3, thereby causing pattern projections and interfering with 
other adjacent patterns. 

[0022] 

In the present invention, to avoid such problems, for a normal pattern within 
region R, in Ml one side is thickened by just 5 only in the width direction (y-direction). 
In M2 one side is thickened by just 5 only in the axial direction (x-direction). The Ml and 
M2 patterns, which were obtained by applying the present invention to the pattern of 
Figure 30(a), are shown in Figures 31(a) and (b). The cases where Ml and M2 were 
transferred without alignment error, where M2 was shifted to the upper right, and where 
M2 was shifted to the lower left are shown in Figures 31(c), (d), and (e), respectively. In 
all cases, the formed pattern shapes produced no constriction or projection, so they 
almost faithfully reflect the design pattern. This is because the normal pattern within 
region R was separated and thickened in the up and down directions in Ml and in the left 
and right directions in M2, so if misalignment occurs, only the left and right sides (in the 
example of Figure 30, the right side) of the normal pattern within the region are 
detennined by Ml, while the remaining sides are determined by M2, regardless of 
whether they are inside or outside the region. 

[0023] 
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[Function of the Invention] 

In pattern formation in which the pattern of one layer is formed by means of 
multiple exposures, including exposure using a mask containing a pattern that is phase- 
shifted so that the phase difference of the light that passes through both sides of the fine 
pattern to be formed is approximately 7t, as well as exposure for removing the 
unnecessary patterns resulting therefrom, the regions commonly shielded from exposure 
by multiple masks remain as the pattern. By dividing the exposed region into a fine- 
pattern region that is required by the phase shifter and a region that is not, it is easily 
possible to automatically generate the shifter pattern and the mask pattern by means of 
two masks, so that one provides a shifter, and in the region with the fine pattern, it has a 
mask shifter pattern with edges corresponding to the fine pattern and a mask pattern 
corresponding to the other pattern; and the region without the fine pattern is the shading 
mask pattern, and in the other mask, a shifter is not provided, and two patterns are 
provided: the normal mask pattern that forms the pattern present in the region not 
provided with a shifter and the mask pattern for removing the unnecessary patterns in the 
pattern of the region forming the shifter. Furthermore, because the formed pattern 
[consists of] the parts shielded by both masks, it is possible to markedly decrease the 
effect of inter-mask shifting on the formed pattern and thereby sharply increase the 
alignment yield, by thickening the mask pattern in one mask in one axial direction, and 
by thickening the mask pattern in the other mask in the direction orthogonal thereto. 

[0024] 

[Embodiment] 

Next will be discussed an instance of the application of the present invention to a 
gate layer with the fine pattern formation required in LSIs. The embodiment's process 
flow is shown in Figure 1 , and the provided input pattern data and the pattern data for the 
preparation of a mask created by using the present invention are shown in Figures 2 
through 6. Figure 2, the input pattern data 1000 containing the fine pattern, satisfies the 
three prerequisites in the Means of Solving the Problems. Figures 3 and 4 [show] the two 
masks Ml, M2 used to form the pattern of Figure 2. Ml has a shifter, while M2 lacks one. 
As aforementioned, the normal pattern is divided into region R and region S before the 
pattern is generated, so three types of pattern data are required to prepare the Ml mask: 
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shifter pattern data 1500. region R pattern data 1600, and region S protection pattern data 
1700. Similarly, three types of pattern data are required to prepare the M2 mask: pattern 
data 2500 for protecting the fine pattern created by the M 1 shifter, region R pattern data 
2600, and region S pattern data 2700. These patterns are shown in Figures 3 and 4. 

[0025] 

Figure 1 shows the flow of the process [used to] create, from input pattern data 
1000, pattern data 1500, 1600, 1700, 2500, 2600, and 2700 (i.e., three types each for Ml 
and M2, for a total of six types). Rectangles with rounded comers indicate data 
processing. Their inputs and outputs are pattern data, which are indicated by ordinary 
rectangles. Nine types of data processing (i.e., 101 to 109) are required, and details of 
their respective processing and their concrete implementation method will be discussed 
hereinafter. Furthermore, the implementation method discussed here is but one technique, 
and [it] is not limited thereto. 

[0026] 

The data processing discussed hereinafter utilizes mask data that is two- 
dimensional image data. Contour extraction for two-dimensional image data, uniform 
width thickening and thinning (called resizing), black-white inversion processing for the 
chip region, and product set operations for multiple input data, etc., generally have 
already been processed by means of the design rule check (DRC) of the LSI mask pattern 
data or the data processing for drawing a mask by using an electron beam. Consequently, 
explanations of the specific techniques for generally performed processing are omitted. 
For the concrete technique, refer to "Review of the Automation of LSI Mask Pattern 
Data" (Nikkei Electronics, April 28, 1980, pp. 90-107), for example. 

[0027] Fine Pattern Extraction Processing 101 

Provided pattern 1000 is divided into fine pattern 1 100 and normal pattern 1200. If 
the fine pattern's width d is known, the following processing can be performed: 

(1 ) Thin the provided pattern 1 000 by distance d/2. 

(2) Extract the contours. 

(3) Thicken the results of (2) by distance d/2. The obtained results are normal 
pattern 1200. 
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(4) When normal pattern 1200 is subtracted from provided pattern 1000, the 
obtained results are fine pattern 1 100 with width d. 

[0028] 

Figure 2 is regarded as provided pattern 1000. Figure 7 shows the images 1010-1 
to 1010-5 for the results obtained by narrowing by distance d/2 and then extracting 
contours, for provided pattern 1000. Figure 8 shows the normal patterns 1200-1 to 1200-4 
obtained by thickening, by distance d/2, images 1010-1 to 1010-4 as well as fine patterns 
1100-1 to 1 100-4 obtained based on these. Usually, the fine-pattern line width is already 
known. However, if it is unknown, the said processing is executed first, with d set to the 
maximum size conceivable for a fine pattern (e.g., 0.49 jam). Obtained fine pattern 1100 
contains all patterns with a width equal to or less than 0.49 jum. Next, the same 
processing is executed after decreasing d somewhat. If this processing is repeated while 
sequentially reducing d somewhat, eventually the fine pattern will disappear and a zero 
set will result. The value of d immediately before this point agrees with the width of the 
fine pattern. 

[0029] Center Line Extraction Processing 102 

This processing [is used to] determined the fine pattern's center line segment 1250. 
From the assumptions, there is one type of fine pattern line width, and the line width is 
known from fine pattern extraction processing 101, so the processing is simple. The 
relationships between fine patterns 1100-1 through 1100-3 and center line segments 
1250-1 through 1250-4 are shown in Figure 9. 

[0030] Regions R, S Determination Processing 103 

This processing [is used to] determine region R 1 and region S 3, based on the fine 
pattern's center line segment data 1250. It is assumed that there are n total center line 
segment data and that distance p at which the adjacent center line segment data are 
aligned is already known. This is because, even if unknown, they can be detennined by 
analyzing the data. 

(1) A rectangle of width 2L is created by thickening by distance L on both sides, in 
the width direction of center line segment data 1250. 
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(2) Based on the n rectangles obtained in (I), contour extraction processing is 
performed, the polygons formed by interconnecting the rectangles are numbered, 
and the polygon numbers are assigned to each rectangle making up the polygon. 

(3) The n rectangle data are sorted by polygon number, and the rectangles forming 
the same polygon are removed, after which the minimum rectangular areas that 
can cover the polygonal region are sought. 

(4) The rectangular areas sought in (3) are extended, by a, in each of the two axial 
directions, thereby forming new rectangular areas. If these new rectangular areas 
overlap or contact, the same polygon number is assigned to them, after which 
[the processing] returns to (3). 

(5) Both sides in the width direction of the rectangular areas obtained in (4) are 
narrowed by L, after which each is thickened by p. The obtained region is region 
R 1. 

(6) Region R 1 obtained in (5) is subtracted from the pattern formation region, to 
obtain region S 3. 

[0031] 

This processing determines region R by collecting the center line segments near 
each other. The processing in the present embodiment is explained in Figures 10 and 1 1. 
If center line segments 1250-1 to 1250-4 are considered to form width-2L rectangles and 
all are connected, a polygon results. Region R 1 in Figure 1 1 is determined by means of 
[steps] (3), (4), and (5) of the said processing, because no other polygon exists. In the 
processing of [step] (1), if the spacing of adjacent center line segment data is less than 2L, 
then two rectangles may be connected to form one polygon. Consequently, as shown in 
Figure 10, assuming 2p < 2L < 3p, one region R results if the spacing of adjacent 
center line segment data is 2p max. If they are separated by 3p, this can be regarded as 
another region R. 
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[0032] Processing for Extracting the Normal Pattern within Region R 104 & Processing 
for Extracting the Normal Pattern within Region S 105 

In the processing for extracting the normal pattern within region R 1 04, the normal 
pattern data within region R is determined easily by means of a product set operation on 
the normal pattern data and the region R data obtained in region R determination 
processing 103. The same applies to processing for extracting the normal pattern within 
region S 105. The normal patterns 1300-1 to 1300-4 within region R and the normal 
patterns 1400-1 to 1400-2 within region S are shown in Figure 12. 

[0033] Width-Direction Thickening Processing 106 

Normal pattern 1300 within region R is thickened by 8, in the width direction, on 
both sides. The results are shown in Figure 13. Normal patterns 1300-1 through 1300-4 
within region R become Ml region R patterns 1600-1 through 1600-4. 5 is the amount 
determined by the relative alignment accuracy for the two masks. For example, it [may 
be] considered to have the value 0.2 jam. 

[0034] Axial-Direction Thickening Processing 107 

Normal pattern 1300 within region R is thickened by 5 within region R, in the 
axial direction. The results are shown in Figure 14. Normal patterns 1300-1 to 1300-4 
within region R become region R patterns 2600-1 to 2600-4 for M2. M2 region S patterns 
2700-1 and 2700-2 also are shown in this figure. 5 has the same significance as in width- 
direction thickening processing 106, and it has the same value. 

[0035] Shifter Pattern Generation Processing 108 

The shifter pattern is generated by inputting the region R data and the 
corresponding center line segment data. If, for each region R, center line segment data 
1250 are presorted in the width direction (in Figure 15, for example, from above to below 
in the y-direction), it only is necessary to sequentially fetch center line segment data 1250 
and assign them to shifter-less regions and shifter regions. Figure 15 [shows] the 
assignment results. 

Fine Pattern Protection Processing 109 

Fine pattern protection pattern 2500 for M2 is created by thickening by 8, in the 
width direction, center segment data 1250. The embodiment is shown in Figure 16. £ may 
be equal to the value 5, which takes into consideration the inter-mask alignment and is 
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used in width-direction thickening processing 106. However, to increase the dimensional 
accuracy by completely shading the fine pattern forming the gate electrode. e>5 is 
assumed. For example the value 0.3 |um is used"\ 

[0036] 

By implementing the aforementioned nine types of computational processing, the 
patterns for Ml and M2 can be generated automatically. As shown in Figure 3, Ml is 
formed by using shifter patterns 1500-1 and 1500-2, region S protection pattern 1700, 
and region R normal patterns 1600-1 to 1600-4. As shown in Figure 4, M2 is formed by 
using fine pattern protection patterns 2500-1 to 2500-4, region R patterns 2600-1 to 2600- 
4, and region S patterns 2700-1 and 2700-2. 

[0037] 

The overlapping of two masks without error is shown in Figure 5. When a 
positive-type resist, in which light-exposed parts are dissolved by development, is used, 
the product set part of the latent image region 10 formed by Ml and region 12 protected 
by the shield part of M2 is unexposed, so the pattern is formed. Tt is evident that the 
pattern of Figure 2 is formed. The case of a transfer with M2 shifted to the lower left, 
relative to Ml, is shown in Figure 6. Although the relative positions, etc., of the fine 
pattern and the normal pattern are misaligned, there is no fatal defect in the pattern shape. 
In the gate pattern, the superposition accuracy [relative to] another layer (e.g., the contact 
hole layer) becomes a problem. In this regard, however, there is no significant difference 
between the usual technique that uses one mask and the technique of the present 
invention. 

[0038] 

Assuming a gate layer pattern that uses the standard-cell design method, the three 
prerequisite restrictions mentioned in the Means of Solving the Problems will be 
explained supplementarily. Regarding prerequisite 1, [which states that] all fine patterns 
are parallel to the x-axis, all may also be parallel to the y-axis. Furthermore, if there are 



3 Translator's note: The original Japanese actually reads "03. um'\ Presumably "0.3 um" is intended. 
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multiple first regions for which a phase is specified, all tine patterns contained in the 
region may be parallel to either the x-axis or y-axis. 

[0039] 

Condition 2, [which states that] the spacing of the center line part of a fine pattern 
is p or an integral multiple of p, may be considered satisfied in the standard-cell method. 
Regarding the third condition for the fine pattern line width, if the shifter edge method 
explained in Figure 18 is applied, line width restriction is eliminated. Also, the line width 
need not be limited to one type, if it is taken into consideration that there may be multiple 
types of pattern width in fine pattern extraction processing 101, in the determination of 
the shield width required in fine pattern formation (e.g., at shifter edges) and its pattern 
generation processing, and in M2 fine pattern protection processing 109. Actually, for a 
CMOS gate pattern, the gate pattern width differs in p-type MOS transistors and n-type 
MOS transistors. However, this can be dealt with easily. 

[0040] 

Consequently, the technique of the present invention is applicable to the formation 
of gate layer patterns that use the standard-cell design method. Furthermore, it is highly 
applicable to pattern formation, such as when fine patterns are aligned with equal spacing. 

[0041] 

[Effects of the Invention] 

The invention of the present application has the configuration described previously, 
so it has the effect described hereafter. By dividing the exposure region into the fine- 
pattern region that is required by the phase shifter and a region that is not, the region that 
forms a fine pattern and the other regions are separated, thereby enabling the independent 
formation of patterns in the respective regions, which enables the automatic generation of 
the patterns within the respective regions containing shifters, from the provided patterns 
to be formed. 



AD-EX Job No. E5827 - Page 20 



[0042] 



Also, by separating and thickening, in the up and down directions in mask Ml and 
in the left and right directions in mask M.2, the normal pattern in regions that require a 
phase shifter, the shift effect can be minimized so that, even if M2 is shifted with respect 
to M 1 before transfer, the formed pattern shape will not have constrictions or projections, 
so a pattern that almost faithfully reflects the design pattern can be formed. 
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[Brief Explanation of the Drawings] 
[Figure 1] 

Processing flow that automatically generates, from the provided mask pattern, the 
pattern for a phase-shift mask containing the phase-shift film pattern. 

[Figure 2] 

Pattern to be formed. 

[Figure 3] 

Planar layout drawing of the first mask for forming the pattern of Figure 2, when 
the present invention is implemented. 

[Figure 4] 

Planar layout drawing of the second mask for forming the pattern of Figure 2, 
when the present invention is implemented. 

[Figure 5] 

Explanation of the pattern after the two masks of Figures 3 and 4 are overlapped 
and transferred without shifting. 

[Figure 6] 

Explanation of the pattern after the mask of Figure 4 is transferred after shifting to 
the lower left, relative to the mask of Figure 3. 

[Figure 7] 

Explanation of fine pattern extraction processing 101. 
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[Figure 8] 

Explanation of fine pattern extraction processing 101 . 
[Figure 9] 

Explanation of the fine pattern's center line segment extraction processing 102. 
[Figure 10] 

Explanation of region R and region S determination processing 103. 
[Figure 1 1 ] 

Explanation of region R and region S determination processing 103. 
[Figure 12] 

Explanation of image pattern extraction processing 104 without region R and 
explanation of image pattern extraction processing 105 without region R. 

[Figure 13] 

Explanation of width-direction thickening processing 1 06 for a normal pattern that 
lacks region R. 

[Figure 14] 

Explanation of axial-direction thickening processing 107 for a normal pattern that 
lacks region R. 
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[Figure 15] 

Explanation of shifter pattern generation 4 processing 108. 
[Figure 16] 

Explanation of fine pattern protection processing. 
[Figure 17] 

Explanation of the phase-shifting method that utilizes the edge of phase-shift film. 

(a) Cross-section of phase-shift mask 

(b) Complex amplitude of light that passed through the mask of (a) 

(c) Intensity distribution of light that passed through the mask of (a) 

(d) Cross-section of phase-shift mask for forming, with period pde, a fine pattern 
that utilizes the edges of the phase-shift film 

[Figure 18] 

Explanation of the technique for controlling the pattern width in fine pattern 
formation utilizing phase-shift film edges, (a) is a cross-section of a mask with a shield 15 
inserted at the edge of the phase-shift film, (b) is the top view of the mask after the phase- 
shift film's edge was subjected to repetitive fine folding to create the shape. 

[Figure 19] 

Example of an unnecessary pattern that is formed when using phase-shift film. 
[Figure 20] 

Explanation of the technique for removing the unnecessary pattern shown in 
Figure 19 by using two masks. 



4 Translator's note: The Japanese has a typo here resulting in an incorrect character having the same sound as the 
intended character, but a nonsensical meaning. 

5 Translator's note: The Japanese text has a typo for "shield." 
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[Figure 21] 

Explanation of the adverse effect on the formed pattern when there is a shift in the 
alignment of two masks. 

[Figure 22] 

Pattern to be formed in the explanation of the extension of the region by just 
distance a in the axial direction of the fine pattern, when determining region R, in order 
to deal with inter-mask misalignment. 

[Figure 23] 

Example of the formation of region R in the explanation of the extension of the 
region by just distance a in the axial direction of the fine pattern, when determining 
region R, in order to deal with inter-mask misalignment. 

[Figure 24] 

Example of the formation, in a rectangular shape, of region R in the explanation of 
the extension of the region by just distance a in the axial direction of the fine pattern, 
when determining region R, in order to deal with inter-mask misalignment. 

[Figure 25] 

Example of expanded region R in the explanation of the extension of the region by 
just distance a in the axial direction of the fine pattern, when determining region R, in 
order to deal with inter-mask misalignment. 

[Figure 26] 

Example of the pattern of a mask in which a shifter was provided, in the case 
where inter-mask misalignment was not dealt with. 
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[Figure 27] 



Example of the pattern of a mask in which a shifter was not provided, in the case 
where inter-mask misalignment was not dealt with. 

[Figure 28] 

Example of pattern formation after inter-mask misalignment, when the masks of 
Figures 27 and 28 were used. 

[Figure 29] 

Example of pattern formation after mask misalignment, after the region was 
expanded by distance a, when determining region R. 

[Figure 30] 

Explanation of the case where misalignment occurred when inter-mask 
misalignment was not dealt with adequately. 

(a) pattern to be formed, (b) top view of mask, (c) top view of mask, (d) pattern 
formed after misalignment. 

[Figure 3 1 ] 

Illustrations of responses to mask misalignment by means of the present invention: 

(a) Top view of mask 1 pattern 

(b) Top view of mask 2 pattern 

(c) Formed pattern when there is no misalignment 

(d) Pattern formed after transferring with M2 shifted to the top right, relative to M 1 . 

(e) Pattern formed after transferring with M2 shifted to the bottom left, relative to Ml. 
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Key to Fig. 1 

1 0 1 Fine pattern extraction processing 

1 02 Center line extraction processing 

1 03 Regions R, S determination processing 
Region S data [below 103, left] 
Region R data [below 1 03, right] 

1 04 Region R normal pattern extraction processing 

105 Region S normal pattern extraction processing 

1 06 Width-direction thickening processing 

1 07 Axial-direction thickening processing 

1 08 Shifter pattern generation processing 

1 09 Fine pattern protection processing 
1 000 Provided pattern data 

1 1 00 Fine pattern data 

1 200 Normal pattern data 

1250 Center line segment data 

1 300 Region R normal pattern data 

1400 Region S normal pattern data 

1500 Ml shifter pattern data 

1 600 M 1 region R pattern data 

1 700 M 1 region S protection pattern data 

2500 M2 fine pattern protection pattern data 

2600 M2 region R pattern data 

2700 M2 region S pattern data 
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[Figure 3] 




3 700 Region S protection pattern 
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[Figure 5] 
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[Figure 6] 
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[Figure 7] 
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[Figure 8] 
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[Figure 9] 
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[Figure 10] 
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[Figure 1 I] 
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[Figure 13] 
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[Figure 14] 
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[Figure 15] 
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[Figure 16] 
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[Figure 18] 
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[Figure 19] 



mi 9] 



11 on jb*el*:i**/^v 



XT 



^ 5 



Key 

1 5 Formed pattern 

1 100 Fine pattern to be formed 

1500 Phase-shift pattern 



AD-EX Job No. E5827 - Page 46 



[Figure 20] 
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[Figure 21] 
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[Figure 22] 



[W 2 2 ] 




1- :b 
'ft '*■ - 

• .1 

' , i ■ J . 

Key 

4 Pattern formation region 
1100 Fine pattern 
1200 Normal pattern 
$ Width direction 
Axial direction 



AD-EX Job No. E5827 - Page 49 



[Figure 23] 
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[Figure 24] 
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[Figure 25] 
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[Figure 26] 
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[Figure 27] 
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[Figure 28] 
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Key to Figure 28 
(a) & (b) 
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Key to Figure 29 
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[Figure 30] 
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[Figure 31] 
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Patent Laid-Opcn Publication No.: Hei6-67403 
Laid-Open Publication Date: March 11, 1994 

Title of the Invention: Photo-mask and Mask Pattern Data Processing Method 

Application No.: Hci4-70786 

Filing Date: March 27, 1992 

Assignee: Nippon Telegraph and Telephone Corp. 

SPECIFICATION 
[Title of the Invention] 

PHOTO-MASK AND MASK PATTERN DATA PROCESSING METHOD 

[Abstract] 
[Object] 

There is provided mask patterns enables to be easily and automatically gener 
ated, and further to reduce the effect of a positioning shift in a plurality of masks, in 
a multistage imprinting method. 
[Structure] 

In a pattern forming by exposure using a mask Ml including a phas 
c shift pattern 1500, and a plurality times of exposure including exposure for climina 
ting unnecessary patterns caused thereby, a phase shifter divides a exposure area into 

an area having a necessary fine pattern 1100 and the other area 3 (103), one mask 
provides a shifter, and comprises a mask shifter pattern having an edge correspondin 
g to the fine pattern and a pattern corresponding to the other pattern 1600 in an area 

1, and an area 3 is a shading mask pattern, the other mask without a shifter is auto 
matically generated to have a normal pattern forming a pattern 2600 existing in the a 
rea 3, and a pattern for eliminating unnecessary patterns in the shifter forming area. 
Further, one mask fattens the mask pattern in one axial direction, and the other mask 

fattens the mask in the orthogonal direction. 



[Claims] 

1. In a pattern forming for forming a pattern of one layer by exposure 

using a mask including a pattern, which shifts a phase difference of light passing bot 
h sides of a fine pattern to be formed to become approximately n, and a plurality ti 
mes of exposure including exposure for eliminating unnecessary patterns caused there 
by, a mask pattern data processing method comprising; 

firstly setting a first area necessary for passing a light having a phase differe 
nee for forming said fine pattern, and secondly separating all patterns or all patterns 
except said fine pattern into outside and inside of said first area. 

2. A mask pattern data processing method as claimed in claim 1, wher 
ein the step of setting a first area comprising setting a boundary of said first area su 
ch that the length of a fine pattern, which is formed in that, a phase difference of li 
ght passing both sides becomes 7t, is longer than the length of a fine line finally for 
med, by the distance corresponding to a overlapping error, caused by each overlappi 
ng of at least a plurality of masks, in the both sides of axial direction of a fine parte 
rn. 

3. In a photo-mask for forming a pattern of one layer by exposure usin 
g a mask including a pattern, which shifts a phase difference of light passing both si 
des of a fine pattern to be formed to become approximately n, and a plurality times 
of exposure including exposure for eliminating unnecessary patterns caused thereby; 

when a pattern which should be formed using a light with a phase differenc 
e is designated as fine pattern, and a pattern formed by imprinting a light shading bo 
dy on a conventional mask, other than the fine pattern is designated as normal patter 
n; 

and when a longitudinal direction in which a fine line is extending is design 
ated as axial direction, and the direction perpendicular to the axial direction is design 
ated as width direction; 



said photo-mask comprising, on a pattern in a first area which is necessary f 
or passing a light with a phase difference to form said pattern, 

a mask forming a fine pattern including a normal pattern in said first area h 
aving the dimensions of the pattern length formed by said plurality times of cxposur 
e in the axial direction, and the pattern width larger than the pattern width finally fo 
rmed by said plurality times of exposure in the width direction by predetermined len 
gth; and 

another mask including a normal pattern in said first area having the dimens 
ions of the pattern length longer than the pattern length finally formed by said plural 
ity times of exposure in the axial direction by predetermined length, and the pattern 
width finally formed by said plurality times of exposure in the width direction. 

4. In a photo-mask for forming a pattern of one layer by exposure usin 

g a mask including a pattern, which shifts a phase difference of light passing both si 
des of a fine pattern to be formed to approximately tc, and a plurality times of expos 
ure including exposure for eliminating unnecessary patterns caused thereby; said phot 
o-mask comprising, 

a boundary of said first area set such that the length of a fine pattern formed i 
n that a phase difference of light passing both sides as about 71, is longer than the lc 
ngth of a fine line formed by said plurality times of exposure, in the both sides of a 
xial direction of a fine pattern by a predetermined distance, 

[Detail Description of the Invention] 
(0001) 
[Field of the Invention] 

The present invention relates to a method of making mask patterns 
and a method of forming masks and patterns for forming fine patterns such as LSI a 
nd the like on a wafer (substrate) using a projection lens. 



(0002) 
[Prior Art] 

Usually, in a projection exposure technology for forming fine patter 
ns of LSI and the like, a high resolution is required. Therefore, the projection lens f 
or the projection exposure apparatus has the resolution of nearly theoretical limit dec 
ided by the wavelength of light. Further, a study of phase shift method has been adv 
anced in recent years, for the method of imprinting finer patterns. In the phase shift 
method, the resolution may be improved by providing a transparent film on a part of 

light transmission part of the mask, which is positioned on the object surface of pro 
jection lens for generating a phase difference of about n in the transmission light. Th 
e phase shift method may be classified into a number of methods, however, as a met 
hod of forming an isolated fine pattern, there is a pattern forming method using the 
phase difference of about rc, occurred at the edge of the phase shift film. This metho 
d will be explained using Fig.17. Fig. 17(a) shows a part of the cross-section of pha 
se shift mask, 60 indicates a light illuminating the mask, 61 is a mask substrate, 150 
0 is a phase shift film, and there is a boundary edge (shifter edge), in which the pha 
se shift film 1500 is present and it is absent in the figure. A complex amplitude dist 
ribution of the light passed this mask becomes as shown in Fig. 1 7(b) and its corres 
ponding light intensity distribution becomes as shown in Fig. 17(c). In Figs. 17(a), ( 
b), and (c) the abscissas are coordinated. These figures show that its corresponding li 
ght intensity becomes zero due to variation of phase byziat the edge part. As mentio 
ned above, the edge part of phase shift film forms a very fine light shading part, the 
refore in case of using e.g. g-ray (wave length of 436nm) of a high voltage mercury 

lamp, the pattern width is limited to about 0.5 microns when a light shading pattern 
, which is made of such as normal chromium, is imprinted considering to a focus de 
pth, however, a pattern of 0.2 microns may be formed when this shifter edge is used 
. This line width should be called as a limit resolution line width. As mentioned abo 
ve, the use of the shifter edge is expected for an application to form fine patterns. 
(0003) 



At the time of using this shifter edge, two points of supplementary 
explanations will be given. One point is the limit of a pattern density. The light shad 
ing part of fine width may be formed using the shifter edge, for that it is necessary 
that a light with a phase difference needs to transmit at both sides of the light shadi 
ng part. This shows that there is a limit in the interval in forming two fine width lig 
ht shading parts adjacently. Fig. 17(d) shows the case to form 0.2 microns wide light 
shading parts successively with the interval of p, however, the interval of the light s 
hading parts is required to be almost 1 micron. 
(0004) 

Another point is the control of line width of the light shading parts. 
In order to obtain the finest line width, the use of a shifter edge with a phase differ 
ence of n is appropriate and at that time a line width of 2 microns is available. How 
ever, in actual LSI pattern forming, there is a case to be required to form lines, whic 
h are finer than the minimum line width (e.g. 0.5 microns) obtained by imprinting th 
e normal light shading body, and which are fatter than the width (e.g. 0.2 microns) 
obtained by the above mentioned shifter edge. A method of forming line width betw 
een these is shown in Fig. 18(a) and (b). Symbol (a) shows a cross-section of the ph 
ase shift mask. A pattern width over the limit resolution line width may be realized 
by inserting a light shading body made from such as chromium into the shifter edge 
part, and by adjusting the line width of the light shading body. Symbol (b) shows a 
plan structure of the phase shift mask. Patterns over the limit resolution line width 
are realized by providing fine folds at the edge part of phase shift film. As this, part 
erns that are over the limit resolution line width may be formed, even if those are u 
nder the line width obtained by imprinting the normal light shading body, by using t 
he edge of shifter. Those pattern forming methods including Figs, (a), (b) should be 
called shifter edge methods herein. 
(0005) 

The greatest problem of the pattern forming using the shifter edge 
method is that fine patterns are formed in all edge parts. Fig. 19 is its explanatory d 



rawing, and fine patterns 1100 to be formed are shown in (a), a phase shift mask, in 
eluding a phase shift pattern J 500 for forming fine patterns shown by (a) using the s 
hifter edge method, is shown in (b), and a pattern 15 formed by using the mask sho 
wn by (b) is shown in (c). It is known that unnecessary patterns arc formed at the c 
dge parts of shifter. As methods that do not generate this unnecessary patterns, ther 
e are proposed a method using a multistage phase shift film and a multi-imprinting 
method using a plurality of masks. 
(0006) 

The method using a multistage phase shift film makes the both side 
phase differences of the parts necessary for fine pattern forming n, using a plurality 
of phase shift films having various phase differences, however, makes the both side 
phase differences of the parts unnecessary for fine pattern forming e.g. 60 degrees n 

ot to form patterns. This method enables to form desired patterns with one phase shi 

ft mask, however, it needs to make a multistage phase shift film, therefore has a fata 

1 defect of difficulty in making the mask. 

(0007) 

Figs. 20 (a), (b), (c) are explanatory drawings for the multistage imp 
rinting method using two masks, and considers (a) of Fig. 19 to be patterns to be fo 
rmcd. Fig. 20 (a) shows a Mask 1 with the same phase shift film as Fig. 19 (b), and 
Fig. 20 (b) shows a Mask 2 which is composed of only a light shading body. Fig. 
20 (c) shows these two masks in overlapped state for forming patterns. If developme 
nt is performed after exposure using these two masks, only shaded parts by both of t 
he two masks are pattern-formed as the final light shading parts. The partem as sho 
wn in dotted lines of Fig. 20 (c) corresponds to this. Namely, a fine pattern is forme 
d at the boundary edge where the phase difference of Mask 1 becomes n, and unnec 
essary parts are removed by Mask 2. This multistage imprinting method has an adva 
ntage of easy mask making, because used phase shift film is only one type to be cor 
responding to ti by the phase difference of transmitting light. 



(0008) 

[Problems to be solved by the Invention] 

Conventionally, as a method for removing unnecessary patterns usin 
g this multistage imprinting method, it was possible to manually position the shifter 
or the light shading part to each pattern, however, no method has been proposed to 
automatically generate/position these patterns, when complex patterns are mixed. Als 
o, in an actual pattern forming process, when forming one layer pattern by two times 

of exposure using different masks, the occurrence of positioning error is inevitable 
between the two times of exposure. Fig. 21 shows one example of deformation of th 
e pattern when a relative positioning shift occurred in two times of exposure. Fig, 21 
(a) shows a pattern 8 to be formed, Fig. 21(b) is a first mask (Ml) used for that, w 
hich is composed of light shading parts 13 and a phase shift pattern 1500, Fig. 21(c) 

shows the state, in which a second mask (M2) is overlapped to the pattern 10 obtai 
ned as a latent image by the exposure using Ml, without a positioning shift. As the 
latent image existing in the area corresponding to the light transmitting part 14 of M 
2 is removed, the objective pattern shown in (a) is formed. On the other hand, Fig. 
21(d) shows the case that M2 is imprinted with a positioning shift upward relative to 

Ml. The light transmitting part on M2 for removing unnecessary patterns formed by 

Ml overlaps on the latent image of the pattern to be formed, and the normal patter 
n parts of both sides of the fine pattern receive a deformation to lose its part, and c 
onstrictions are generated in the fine pattern parts. 
(0009) 

The present invention is made in view of the points mentioned abov 
e, and its object is to provide a mask pattern forming method and a mask, which rec 
eive a little effect of positioning error in. a plurality of masks used, in forming circui 
t patterns for LSI and the like using the phase shift method, at the pattern forming o 
f one layer using a plurality of masks, and further to provide an automatic generatio 
n method for mask patterns including shifter patterns, although imposing limitation to 
LSI and the like from the view point of a part of patterns. 



(0010) 

[Means to solve the Problems] 

First the terms used here will be explained. In formed patterns, a pa 
ttern with a narrow width pattern formed by using a shifter edge is described as a fi 
ne partem 1100, and a pattern formed by imprinting a light shading body usually exi 
sting on a mask is described as a normal pattern 1200. A pattern to be formed or a 
given pattern 1000 may confidently be classified into a fine partem 1100 or a norma 
1 pattern 1200, and a pattern with a width of over 0.5 microns is classified into a no 
rmal pattern 1200, a pattern with a width of below 0.5 microns into a fine pattern 1 
100. The length of a fine pattern is long enough compared to its width, for instance 
4 times longer, and the long extending direction should be described as an axial dire 
ction and the direction perpendicular to the axial direction should be described as a 
width direction. Also, for forming a fine pattern using the shifter edge method, an ar 
ea is necessary for transmitting a light having a phase of separating about n in both 
sides of the fine pattern, and the area should be described as a phase designation are 
a R 1 or R-area 1. An area, in which a pattern is formed, for instance a chip area a 
nd an area other than the R-area should be described as S-area 3. The whole pattern 
forming area 4 is composed of an R-arca 1 and an S-arca 3, and both areas do not 
overlap each other. The boundary of R-area and S-area should be described as an R 
S-boundary 2. These areas are shown in Figs. 22, 23, and 24. The fine pattern 1100 
has originally a width, however, for simplification of the drawing, it is shown as a li 
ne segment in Fig. 22. 
(0011) 

First, the present invention will generally be explained. The multista 
ge imprinting method is used, however, exposure is limited to two times of exposure 
using two masks herein, and a first mask (Ml) is a mask with a phase shift film (s 
hifter) and a second mask (M2) is a mask without a shifter. Namely, at the first exp 
osure, a fine partem is formed using the shifter edge, and at the second exposure, ne 



cessary parts are protected and unnecessary parts are exposed and removed in the for 

med fine patterns. 

(0012) 

For the purpose of simplification of explanation, following three pri 
or conditions are introduced. 

Prior condition 1: tine patterns are all parallel to the x -axis. 

Prior condition 2: the distance of centerline of fine patterns 1100 ex 
isting adjacently vicinity each other corresponds to a constant value p, or to its integ 
er multiples. 
(0013) 

Prior condition 3: the line width of fine patterns 1100 is only one ty 
pe and is equal to that of the pattern formed by the light shading part generated whe 
n shifters with width of p are arranged in the interval of p. The patterns in Fig. 22 s 
atisfy these conditions. Now, one of the objects of the present invention is to automa 
tically generate a shifter pattern and a light shading pattern for Ml, and a light shadi 
ng pattern for M2, from given patterns. Accordingly, normal patterns 1200 are separa 
ted into patterns 1300 existing in R-area and patterns 1400 existing out of R-area or 
in S-area, by calculating a phase designation area 1. 
(0014) 

Let Fig. 22 be given patterns 1000, the areas shown in Fig. 23 and 
Fig, 24 are considered as phase designation areas for instance. Although omitted in F 
ig. 22, phase shift films are cyclically existing, which generate a phase difference n i 
n either case as shown in Fig. 26. In both Fig. 23 and 24, the area of upward distan 
ce p from the centerline of top fine pattern and the area of downward distance p fro 
m the centerline of bottom fine pattern are regarded as R-area 1 . 
(0015) 

Since Fig. 23 regards only the light transmitting part necessary for f 
orming fine patterns 1100 as R-area 1, the R-area has a complex shape according to 
the fine patterns 1 100. On the contrary, Fig. 24 regards R-area 1 as a rectangular are 



a, and decides for enabling to cover most wide range area in the boundary necessary 
for forming the patterns 1100. The rectangular area that is easily calculated is introd 
uced as R-area 1 here. A concrete procedure to find R-area will be described in emb 
odimcnts. 
(0016) 

If R-area is found, it is easy to separate given patterns 1000 into pa 
tterns 1300 existing in R-area and patterns 1400 existing in S-area. As the result, a f 
irst mask Ml is constructed in a flat structure as shown in Fig. 26, to form patterns 
including the fine patterns (only fine patterns are shown in Fig. 26) in R-area 1, and 
S-area 3 shades a light to protect. Tn Fig. 26, the areas where dots are spread are s 
hifters 1500, fine patterns 1100 are formed at the edges thereof. The area 1700 cover 
ed with left downward oblique lines is a light shading part. On the other hand, in a 
second mask M2, normal patterns of R-area 3 are formed as shown in Fig. 27, R-are 
a 1 shades a light to protect as well as removes unnecessary patterns formed at Ml 
by exposure. The area covered with right downward oblique lines is light shading pa 
rt. 

(0017) 

As mentioned above, the introduction of R-area 1 enables to separat 
c areas forming fine patterns and other areas, to form patterns in each area independ 
ently, and to automatically generate patterns in each area including the shifter from g 
iven patterns 1100. Although those of Figs. 26 and 27 having defects as they are, th 
e introduction of R-area 1 greatly performs their duties for automatically generating 
patterns also in improved methods described hereafter. 
(0018) 

Another object of the present invention is to enable to imprint patter 
ns as faithful as possible, even if relative positioning shifts exist in a plurality of ma 
sks. Tf Ml and M2 shown in Figs. 26 and 27 are imprinted without errors, objective 
given patterns 1100 may be formed, however, actually there are relative positioning 
shifts. Namely, RS-boundary 2 of Ml and that of M2 do not overlap. Consequently, 



considering that M2 is imprinted in position shift of right upward to Ml, an upper e 
dge and a right edge of R-area 1 of M2 overlap S-area of Ml, and shaded at both 
M l and M2, to become unexposed to form unnecessary patterns. This shows that ex 
posurc must be performed from both of Ml and M2 for the parts to be exposed in t 
he vicinity of RS-area 2. 
(0019) 

In M2 of Fig. 27, all areas except /unnecessary latent image parts ar 
e considered as light shading parts, however, only pattern parts in R-area must be pr 
otected. Therefore, only the area, in which the pattern part in R-area is enlarged by t 
he estimated quantity of positioning shift, is considered as a light shading part and o 
ther parts are considered as light transmitting parts, so that pattern parts are not expo 
sed even if positioning shift of masks exist. By this, unexposed patterns will not be 
generated in the part, in which no pattern is existing (e.g. the upper edge of R-area i 
n Fig. 27), even if positioning shifts are generated. 
(0020) 

Further, a measure of the present invention will be explained, when 
a positioning shift of masks occurred in case patterns exist at RS-boundary part 2. Fi 
rst, it is described when the edge part of fine pattern is at RS-boundary part 2. The 

enclosed part 51 by a circle in Fig. 24 corresponds to this. In enlarged figures, a lat 
ent image 10 formed by Ml, an overlap with a part protected by M2 and a resulting 

pattern 15 are shown in Fig. 28 (a) in case of no mask positioning shift, and are sh 
own in Fig. 28(b) in case of a shift of M2 to the left in Fig. 28(b). In Fig. 28(a), in 

which a positioning shift does not exist, an expected pattern is formed, however, in 
Fig. 28(b), in which a positioning shift exists, the edge of obtained fine pattern beco 
mes expanded. To solve this phenomenon, as shown in Fig. 25, the area expanded b 
y a in both sides of axial directions from the interval wherein fine patterns exist is c 
onsidered as R-area 1. In addition, the protection pattern 2500 by M2 to the fine pat 
tern is not fatten in the axial direction, though it is fatten in the width direction of t 
he fine pattern 1100 considering a positioning shift. Figures obtained this process are 



shown in Fig. 29. Fig. 29(a) shows the relation of positions between the fine patter 
n 1100 to be formed and RS-boundary 2, and Figs. 29(b), (c) show the overlap of th 
e latent image 10 formed by Ml and protection part 12 by M2 and resulting pattern 
15, in cases a positioning shift exists and docs not exist. In spite of the existence of 
positioning shift, a faithful pattern is imprinted. In the formation of a fine pattern, by 

expanding R-area 1 by a in the both sides of axial directions, a pattern deformatio 
n is not generated and it is possible to decide the position in y axis direction by Ml 

and x axis direction by M2, even if mask positioning shift occurs. 
(0021) 

Then, it will be described in the case of Fig. 30(a), wherein a norm 
al pattern 1200 exists at RS-boundary part by expanding R-area by ain the axial dire 
ction. First, it will be described what kind of deformation a partem receives in conve 
ntional case no measure is so far coped with positioning shift. Fig. 30(b), (c) show p 
atterns of Ml and M2, respectively. In M2, a normal pattern is uniformly enlarged b 
y fattening. As described above, this is to protect a latent image formed by Ml altho 
ugh a mask-positioning shift exists. If an imprinting is performed without a positioni 
ng shift error, a pattern in Fig. 30(a) may be obtained, however, if M2 is imprinted i 
n shifted in the left downward direction as shown in Fig. 30(d), the formed pattern 1 
5 disturbs other adjacent patterns because the fattened part in R-arca 1 permeates int 
o S-area 3 and causing a projection. 
(0022) 

The present invention, for avoiding these problems, provides such th 
e processing to the normal patterns in R-area as fattens by 5 only in the width direct 
ion (y direction) by Ml and fattens by 5 only in the axial direction (x direction ) b 
y M2. The patterns of Ml and M2, in which the present invention applied to the pat 
tern of Fig. 30(a), are shown in Figs. 31(a) and (b). The cases, in which Ml and M 
2 are imprinted without a positioning error, M2 is shifted right upward, and M2 is s 
hifted left downward, are shown in Figs. 31(c), (d), and (e), respectively. Either off 
ormed pattern shapes does not generate any constriction or projection, and almost fai 



th fully reflects the design pattern. This is caused by separate fattening of the normal 
patterns in R-area in the directions of upward and downward by M l and in the direc 
tions of leftward and rightward by M2, therefore only the left and right edges (only 
right edge in the example of Fig. 30) of normal patterns in the area arc defined by 
M l and the rest edges are defined by M2, regardless of the inside or outside of the 
area, even if a positioning shift occurs. 

(0023) 

[Effects of the Invention] 

Tn a pattern forming for forming one layer by exposure using a mas 
k including a pattern, which shifts a phase difference of light passing both sides of a 

fine pattern to be formed to approximately 7i, and by a plurality times of exposure i 
ncluding exposure for eliminating unnecessary patterns caused thereby, an area comm. 
only shaded exposure by a plurality of masks remains as a pattern. A phase shifter d 
ivides an exposure area into an area with a necessary fine pattern and an area witho 
ut a fine pattern; thereby one mask provides a shifter, and comprises a mask shifter 
pattern having an edge corresponding to the fine pattern in the area having the fine 
pattern, and a mask pattern corresponding to other patterns, and makes the area whic 
h docs not have the fine pattern a mask pattern for shading; the other mask docs not 

provide a shifter, but comprise a normal mask pattern for forming patterns existing 
in the area without providing a shifter and a mask pattern for removing unnecessary 
pattern in the pattern belonging to the area to form a shifter, as a result a shifter pat 
tern and a mask pattern in the two masks can be easily automatically produced. Furt 
her, the formed pattern is a part that together shaded by the two masks, therefore ma 
y greatly reduce the effect to the pattern causing by a positioning shift and may incr 
ease allowance for positioning, by fattening a mask pattern in the axial direction in o 
ne mask and fattening the other mask in the direction orthogonal to this axis in the 
other mask. 



(0024) 
[Embodiment] 

It will be described a case that the present invention is applied to a 
gate layer in a LSI, in which a fine pattern formation is required. The process flow 
of an embodiment is shown in Fig. 1. and given input pattern data for making a mas 
k by using the present invention are shown in Fig. 2-Fig. 6. Fig. 2 is input pattern d 
ata 1000 including the fine pattern, and is regarded to satisfy three prior conditions d 
escribed in "Means to solve the problems". Fig. 3 and Fig, 4 show two masks Ml a 
nd M2, by which a pattern of Fig. 2 is formed. Ml includes a shifter, but M2 does 
not include a shifter. As described above, as a normal pattern generates a pattern sep 
arating an R-area and an S-area, three types of pattern data, i.e. pattern data 1500 fo 
r the shifter, pattern data 1600 for the R-area, and pattern data 1700 for the S-area, 
are necessary to manufacture an Ml mask. Similarly, three types of pattern data, i.e. 
pattern data 2500 for protecting the fine pattern formed by the shifter of Ml, patter 
n data 2600 for the R-area, and pattern data 2700 for the S-area, are necessary to m 
anufacture an M2 mask. These pattern are shown in Fig. 3 and Fig. 4 
(0025) 

Fig, 1 shows a process flow for making each three types of pattern data for 
Ml, M2, or total six types of pattern data 1500, 1600, 1700, 2500, 2600, and 2700 f 
rom the input pattern data 1000. Squares with rounded edge show a data processing, 
and its input and output are pattern data shown by normal squares. The data proces 
sing requires nine types from 101 to 109, and the contents of processing and its con 
crete implementation method are described below. Further, the implementation metho 
d described here is an example, and the method is not limited to this. 
(0026) 

The data processing described below handles mask data of two-dime 
nsional graphic data. A contour extraction from the two-dimensional data, a uniform 
width fattening or thinning which is called a resizing, black and white reversing proc 
essing in chip area, or a product set operation with plurality of input data or the like 



are Design Rule Check (DRC) for the LSI mask pattern data or data processing for 
a drawing of the mask using an electron beam, and are usually processed already. T 

herefore, the explanation of concrete processing method is omitted if it is a usually p 

crformcd processing (refer to for example "Advancing LSI Mask Pattern Data inspec 

tion", pages 90-107, Nikkei Electronics, April 28, 1980). 

(0027) 

A fine pattern extraction processing 101 separates the given pattern 
1000 into a fine pattern 1 300 and a normal pattern 1200. If the width d of the fine 
pattern is known, it may be carried out by the following processing. 

(1) By fattening the given pattern 1000 by the distance of d/2, 

(2) By extracting the contour, 

(3) By fattening the result of (2) by the distance of d/2, then the obtained result is t 
he normal pattern 1200, 

(4) By deducting the normal pattern 1200 from the given pattern 1000, then the obta 
ined result is the fine pattern 1100 of width d. 

(0028) 

By letting Fig. 2 as the pattern 1000 and by thinning it by the dista 
nee of d/2 together with the pattern 1000 given in Fig. 7, and in Fig. 8, there are sh 
own normal patterns from 1200-1 to 1200-4, which arc obtained by flattening graphi 
cs 1010-1 to 1010-4 by the distance d/2, and fine patterns from 1100-1 to 1100-4, w 
hich are obtained based on the normal patterns. Usually the line width of fine patter 
ns is known, however, if it is unknown, the above mentioned processing is first perf 
ormed, by letting the line width as the maximum considerable width, i.e. d of 0.49 
microns. The obtained fine patterns 1100 include all patterns, which are less than the 
width of 0.49 microns. Then the same processing is performed by letting d a little s 
mailer. If this processing is repeated by letting d slightly smaller, fine patterns will b 
e disappear in some moment, to become a zero set. The last d just before the zero s 
et corresponds to the width of fine patterns. 
(0029) 



A centerline extraction processing is a processing for carrying oul th 
e central line segment 1250 of the fine patterns. From the prior conditions the line w 
idth of fine patterns is one type, and the line width is known by the fine pattern extr 
action processing, therefore the processing is easy. The relation between the fine part 
ems from 1100-1 to 1100-3 and the center line segments from 1250-1 to 1250-4 is s 
hown in Fig. 9. 
(0030) 

R and S-area decision processing is a processing to decide an R-are 
a 1 and an S-area 3 based on the central line segment 1250 of the fine patterns data. 
Let centerline segment data be n pieces in all, and let the distance between adjacent 
centerline segment data is known. In case of unknown, it may be known by analyzi 
ng the data. 

(1) Making rectangles with the width of 2L by fattening both sides by the distance o 
f L across the centerline segment 1250, 

(2) performing the contour extraction processing based on the n pieces of rectangles, 
numbering the polygons formed by connecting the rectangles, and providing the pol 

ygon number to each rectangle constituting the polygon, 

(3) sorting the n pieces of rectangle data by the polygon number, fetching the rectan 
gles forming the same polygons, to carry out the minimum rectangle area that can c 
over the polygon area, 

(4) widening the rectangle area obtained in (3) ct-by-ct in both axial directions to let 
it new rectangle areas, and if the new areas overlap or come in contact each other, p 
roviding to those the same polygon number, to return (3), 

(5) thinning the width direction of rectangle area obtained in (4) L-by-L in both side 
s, then fattening it p-by-p, and obtained area is R-area 1 . 

(6) And the S-area 3 may be carried out by deducting the R-area 1 obtained in (5) f 
rom the pattern forming area. 

(0031) 

A processing for carrying out the R-area by collecting the centerline 



segments adjacently existing each other. The explanation of the processing of the pr 
esent embodiment is shown in Figs. 10 and 11. Letting each of centerline segments f 
rom 1250-1 to 1250-4 a rectangle with the width of 2L, all are connected to become 

one polygon. Since no other polygons exist, the R-arca in Fig. 1 1 may be carried o 
ut by the above processing (3), (4), and (5). If the distance of adjacent centerline seg 
ment data is less than 2L, the two rectangles are connected to form one polygon. Th 
erefore, if 2p D2L D3p and the distance of adjacent centerline segment data is belo 
w 2p, it becomes one R-area as shown in Fig. 10, and if the distance is 3p, it may 
be considered another R-area. 
(0032) 

A normal pattern extraction-processing 104 within the R-area and a 
normal pattern extraction processing 105 within the S-area. 

In the normal pattern extraction processing 104 within the R-area, th 
e normal pattern data may easily be carried out by the product set operation of the 
R-area data obtained in the R-area decision processing 103 and the normal pattern da 
ta. The normal pattern extraction processing within the S-area is same. The normal p 
attern from 1300-1 to 1300-4 within the R-area and the normal pattern from 1400-1 
to 1400-2 are shown in Fig. 12. 
(0033) 

A width direction fattening processing 106 fattens the normal pattern 
1300 within the R-area by 5 in both sides in the width direction. The result is show 
n in Fig. 13. The normal patterns from 1300-1 to 1300-4 within the R-area become 
R-area patterns from 1600-1 to 1600-4 for Ml. The quantity 5 is determined by the 
relative joining accuracy, e.g. a value of 0.2 micron is considered. 
(0034) 

An axial direction fattening processing 107 fattens the normal patter 
n 1300 within the R-area by 5 in the axial direction in the R-area. The result is sho 
wn in Fig, 14. The normal patterns from 1300-1 to 1300-4 within the R-aTea become 
R-area patterns from 2600-1 to 2600-4 for M2. S-area patterns from 2700-1 to 270 



0-2 for M2 are together shown in Fig. 14. The quantity 5 is the same value because 
the fattening processing is same as that of the width direction. 
(0035) 

A shifter pattern generating processing 108 generates a partem for t 
he shifter by inputting the R-area data and its corresponding data for the centerline. 
The area with or without shifter may be assigned by fetching centerline segment data 
1250 sequentially, while sorting the centerline segment data 1250 in the width direc 
tion (for instance, from upward to downward in the y direction in Fig. 15) for each 
area. Fig. 15 shows the assigned result. 

A fine pattern protection processing 109 produces a fine pattern prot 
ection pattern 2500 for M2, by fattening the centerline segment data 1250 by £ in th 
e width direction. An embodiment is shown in Fig. 16. The symbol £ may be same 
as 5 in quantity, which is used in the width direction fattening processing 106 and is 
considered a joining between masks, however, £ may be greater than 5, for instance 
the value of 0.3 microns is used for the meaning of enhancing the dimensional accu 
racy by completely shading the fine pattern that becomes a gate electrode. 
(0036) 

By performing nine types of calculation processing mentioned above 
, Ml and M2 patterns may be automatically generated. As shown in Fig. 3, Ml is c 
omposed by using shifter patterns 1500-1 and 1500-2, a protection pattern in the S-a 
rea 1700, and normal patterns from 1600-1 to 1600-4 in the R-area, As shown in Fi 
g. 4, M2 is composed by using fine protection patterns from 2500-1 to 2500-4, R-ar 
ea patterns from 2600-1 to 2600-4, and S-area patterns from 2700-1 to 2700-4. 
(0037) 

An example is shown in Fig. 5, in which two masks are overlapped 
without error. If a positive type resist is used, in which the part disposed by light is 
dissolved by exposure, a pattern is generated by that the meeting part of a latent im 
age area 10 and a protected area 12 of the shaded part of M2 is not exposed. It is k 
nown that the pattern of Fig. 2 is formed. Fig. 6 shows the case where M2 is imprin 



led left downward shifted to Ml. There is no fetal defect in the pattern shape, althou 
gh the relative position between the fine pattern and the normal pattern is shifted. In 
the gate pattern, there is a problem in overlapping accuracy with other layers, for in 
stance with a contact hole layer, however, in this point, there is no significant diffcrc 
nee between the normal method and the method of present invention. 
(0038) 

Now, there is provided a supplementary explanation about three con 
srraints, which are described in " Means for Solving the Problems" on condition of t 
he gate layer pattern, using the standard cell design method. The prior condition 1, i 
n which all of the fine patterns are parallel to the x-axis, may be parallel to the y-ax 
is, or further all of the fine patterns included in that area may be parallel to the x or 
y-axis, when there is a plurality of first areas, in which the phase is designated. 
(0039) 

The condition 2, in which the distance between the centerline part o 
f the fine patterns is p or a multiple of p, is considered to satisfy in the standard eel 
1 method. The third condition to the line width of fine patterns has no constraint aga 
inst the line width, if the shifter edge method described in Fig. 18 is applied. Further 
, the type of line width needs not to be limited to one type, if considering that the p 
attcrn width becomes a plurality of types in the fine pattern extraction processing 10 
1 , the decision of light shading body width and the fine pattern protection processing 
109 in M2, which is necessary for its fine pattern shape required for e.g. the shifter 
edge part. Actually, the gate pattern of CMOS causes a difference in gate pattern w 
idth between the p-type transistor and the n-type transistor, however, it is easy to de 
al with as mentioned above. 
(0040) 

Therefore, this method of the present invention may be applied for f 
orming a gate layer pattern using the standard cell design method and also forming p 
atterns, in which fine patterns are arranged at regular intervals. 



(0041) 
[Effects] 

The present invention is composed as described above, therefore has 
following effects. This method enables to independently form patterns in each area 
and to automatically generate patterns in each area, including the shifter from given 
patterns to be formed, by dividing the light exposure area into an area with the fine 
pattern and an area without the fine pattern, and by separating an area forming the fi 
ne pattern and an area not forming the fine pattern. 
(0042) 

Further, the phase shifter fattens normal patterns in necessary areas i 
n the upward and downward directions in the mask Ml, and fattens separately in the 
left and right directions in the mask M2, therefore, the effect of a position shift ma 
y be reduced, such that the design pattern is faithfully imprinted without any constric 
tion or projection of the formed pattern shape, even when M2 is imprinted to Ml wi 
th a positioning shift. 

[Brief Descriptions of Drawings] 

Fig. 1 is a processing flow to automatically generate patterns for ph 
asc shift masks, including phase shift film patterns from given mask patterns; 

Fig. 2 shows patterns to be formed; 

Fig. 3 is a flattened placement view of a first mask for forming the 
patterns in Fig. 2 in the implementation of the present invention; 

Fig. 4 is a flattened placement view of a second mask for forming t 
he patterns in Fig. 2 in the implementation of the present invention; 

Fig. 5 is an explanatory drawing for patterns, in which two masks o 
f Fig. 3 and Fig. 4 are imprinted in overlapped without a position shift; 

Fig. 6 is an explanatory drawing for patterns, in which the mask in 
Fig. 4 is imprinted in shifted to the mask in Fig. 3 in the left and right directions; 

Fig. 7 is an explanatory drawing for a fine pattern extraction proces 



sing 101; 

Fig. 8 is an explanatory drawing for a fine pattern extraction proces 

sing 101; 

Fig. 9 is an explanatory drawing for a fine pattern ccntcrlinc segmc 
nt extraction processing 102; 

Fig. 10 is an R and S-area decision processing 103; 

Fig. 11 is an R and S-area decision processing 103; 

Fig. 12 is an explanatory drawing for an image extraction processin 
g 104 in the R-area and an image extraction processing 105 in the R-area; 

Fig. 13 is an explanatory drawing for a width direction fattening pro 
cessing 106 to normal patterns in the R-area; 

Fig. 14 is an explanatory drawing for a width direction fattening pro 
cessing 106 to normal patterns in the R-area; 

Fig. 15 is an explanatory drawing for a shifter pattern generating pr 

ocessing 108; 

Fig. 16 is an explanatory drawing for a fine pattern protection proce 

ssing; 

Fig. 17 is an explanatory drawing for a phase shift method using th 
c edge of a phase shift film; 

(a) A cross-sectional view of a phase shift mask, 

(b) Complex amplitude of the light transmitted the mask of (a), 

(c) A strength distribution of the light transmitted the mask of (a), 

(d) A cross-sectional view of a phase shift film for forming fine patterns at p cycle 
using the edge of a phase shift film; 

Fig. 18 is an explanatory drawing for a control method in forming f 
ine patterns using the edge of a phase shift film, 

(a) a cross-sectional view of a mask, in which a light shading body is installed, and 

(b) a plan view of the mask, in which the edge of the phase shift film is folded in a 
fine cycle shape; 



Fig. 19 shows an example of forming unnecessary patterns when the 
phase shift film is used; 

Fig. 20 is an explanatory drawing of a method for removing the un 
necessary patterns shown in Fig. 19 using two masks; 

Fig. 21 is an explanatory drawing of an adverse effect on formed pa 
tterns when the two masks are shifted in positioning; 

Fig. 22 shows patterns to be formed at the time of deciding an R-ar 
ea in a explanation to expand the area by a distance of a in the axial direction of fi 
ne patterns to respond to the positioning shift in masks; 

Fig. 23 is an example of an R-area forming at the time of deciding 
an R-area in a explanation to expand the area by a distance of a in the axial directio 
n of fine patterns to respond to the positioning shift in masks; 

Fig. 24 is an example, in which an R-area is formed in rectangular 
shape at the time of deciding an R-area in a explanation to expand the area by a dis 
tance of a in the axial direction of fine patterns to respond to the positioning shift in 
masks; 

Fig. 25 is an example of R-area at the time of deciding an R-area i 
n a explanation to expand the area by a distance of a in the axial direction of fine p 
attcrns to respond to the positioning shift in masks; 

Fig. 26 is an example of mask patterns of masks with shifters in ca 
se the positioning shift is not responded; 

Fig. 27 is an example of mask patterns of masks without shifters in 
case the positioning shift is not responded; 

Fig. 28 is a pattern-forming example, in which a positioning shift ex 
ists in masks when the masks in Fig. 27 and Fig. 28 are used; 

Fig. 29 is a pattern- forming example, in which a positioning shift ex 
ists in masks in expanding the area by a distance of a in the axial direction of fine 
patterns at the time of deciding an R-area; 

Fig. 30 is an explanatory drawing, in which a positioning shift is ge 



nerated in case the positioning shift is not responded enough, 

(a) a pattern to be formed, (b) a plan view of Mask I, (c) a plan view of Mask, (d) 
a forming pattern with a positioning shift; and 

Fig. 31 is an explanatory drawing, in which a positioning shift in m 
asks is responded by the present invention, 

(a) a plan view of patterns of Mask 1, 

(b) a plan view of patterns of Mask 2, 

(c) a forming pattern with out a positioning shift, 

(d) a forming pattern, in which M2 is imprinted shifted upward right to Ml, 

(e) a forming pattern, in which M2 is imprinted shifted downward left to Ml. 



(Translation of words in the drawing) 
Fig. I 

1000. Given pattern data 

101. Fine pattern extraction processing 
1100. Fine pattern data 

102. Centerline extraction processing 
1250. Centerline segment data 

103. R, S-area decision processing 

R-area data 

S-area data 
1200. Normal pattern data 
109. Fine pattern protection processing 
2500. Fine pattern protection pattern data for M2 
108. Shifter pattern generation processing 
1500. Shifter pattern data for Ml 
1700. S-area protection pattern data 

104. Normal pattern extraction processing in R-area 
1300. Normal pattern data in R-area 

107. Axial direction fattening processing 
2600. R-area pattern data in R-area 
106. Width direction fattening processing 
1600. R-area pattern data for M2 

105. Normal pattern extraction processing in S-area 
1400. Normal pattern data in S-area 

Fig. 2 

4. Pattern forming area 
1000. Input pattern 



Fig. 3 

1700. S-area protection pattern 
Fig. 4 

2. RS boundary 
Fig. 5 

10, Latent image formed by Ml 

12. Area protected by light shading part of M2 

Fig. 6 

10. Latent image formed by Ml 

12. Area protected by light shading part of M2 

Fig. 8 
1100-1. Fine pattern 
1200-L Normal pattern 
1100-2. Fine pattern 
1200-2. Normal pattern 
1100-3. Fine pattern 
1200-3. Normal pattern 
1100-4. Fine pattern 
1200-4. Normal pattern 

Fig. 9 
1100-1. Fine pattern 
1250-1. Centerline segment 
1250-2. Centerline segment 
1100-2. Fine pattern 



1250-3. Centerline segment 
1 100-3. Fine pattern 
1 1 00-4. Fine pattern 
1250-4. Centerline segment 

Fig. 11 

1. R-area 

2. RS-boundary 

3. S-area 

4. Pattern forming area 

Fig. 12 

1. R-area 

2. RS-boundary 

3. S-area 

Fig. 13 

1. R-area 

2. RS-boundary 

3. S-area 

Fig. 14 

1. R-area 

2. RS-boundary 

3. S-area 

Fig. 15 

1. R-area 

2. RS-boundary 



3. S-area 

1500-1. Shifter pattern for Ml 
1500-2. Shifter pattern for M2 

Fig. 16 

2500- L Fine pattern protection pattern for M2 
2500-2. Fine partem protection partem for M2 
2500-3. Fine pattern protection pattern for M2 
2500-4. Fine partem protection partem for M2 

Fig. 17 

60. Mask illumination light 

61. Mask substrate 
1500. Phase shift film 

Fig. 18 

60. Mask illumination light 

61. Mask substrate 

62. Light shading body 
1500. Phase shift film 

Fig. 19 

1100. Fine pattern to be formedl500. Phase shift pattern 
15. Formed pattern 

Fig. 20 
1500. Phase shift pattern 

13. Light shading part 

14. Light transmitting part 



15. Formed pattern 



Fig. 21 

8. Pattern to be formed 

13. Light shading part 
1500. Phase shift pattern 

10. Latent image formed by Ml 

14. Light transmitting part 

Fig. 22 

1 100. Fine pattern 
1200. Normal pattern 
4. Pattern forming area 
Width direction 
Axial direction 

Fig. 23 
1200. Normal pattern 
1100. Fine pattern 

1. R-area 

2. RS-boundary 

3. S-area 

4. Pattern forming area 

Fig. 24 
1200. Normal pattern 
1 1 00. Fine pattern 

1. R-area 

2. RS-boundary 



3. S-area 

4. Pattern forming area 



Fig. 25 

1. R-area 

2. RS-boundary 

3. S-area 

4. Pattern forming area 
Fig. 26 

1500. Shifter pattern 

1700. S-area protection pattern for Ml 

1. R-area 

2. RS-boundary 

3. S-area 

4. Pattern forming area 

Fig. 27 

1. R-arca 

2. RS-boundary 

3. S-area 

4. Pattern forming area 

2900. Light shading part for M2 

Fig. 28 

How masks overlap 
Forming pattern 

1. R-area 

2. RS-boundary 



3. S-area 

10. Latent image formed by Ml 

12. Area protected by light shading part of M2 

15. Formed pattern 

Fig. 29 

How masks overlap 
Forming pattern 

1. R-area 

2. RS-boundary 

3. S-area 

10. Latent image formed by Ml 

12. Area protected by light shading part of M2 

15. Formed pattern 

1100. Fine pattern to be formed 

Fig. 30 
L R-area 

2. RS-boundary 

3, S-area 

1200-6. Normal pattern 

Fig. 31 

1. R-area 

2. RS-boundary 

3. S-area 

1200-6. Normal pattern (Pattern to be formed) 
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